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ON BEING A LITERARY EXECUTOR* 


JOHN F. FULTON, M.D. 
The Historical Library, Yale University School of Medicine, New Haven, Connecticut 


(Received for publication October 12, 1946) 


T WAS just seven years and four days ago that H.C. died and for better 
I or worse entrusted me with the responsibility of acting as his literary 

executor. Without wishing to be boastful, I can assure you that this 
has proved no ordinary assignment. In the first place, I was named literary 
executor without ever having been consulted about it. And there were other 
somewhat embarrassing clauses in his will—one relating to his biography 
and the other to his books. Being aware that a biography might be called 
for and no doubt recalling what the Osler Biography had entailed, he asked 
that if his wife and literary executor felt “that the publication of my biogra- 
phy might be of interest or help to medical students, I request my executors 
hereinafter named pay out of the corpus of my estate the expenses of such 
publication not to exceed the sum of Five Thousand Dollars ($5,000). He 
further stipulated that “Any royalties from such biography and all royalties 
from any of my own writings and publications, I give to and the same shall 
be paid to Yale University for use by it in connection with the project here- 
inafter set forth for the Medical Historical Library.” 

And then with regard to his books, after bequeathing them to the Univer- 
sity, he further embarrassed his literary executor by adding: 

I expressly authorize said Yale University, however, to dispose of such items of my said 
books and papers as my literary executor, if living, may approve. If my literary executor shall 
decide that it would be better to have said books and papers, or a substantial portion thereof, 
sold at public auction in order that others may share in the pleasure which I have had in the 
temporary possession thereof, he may authorize and direct said University thus to sell the 
whole or any part of my said books and papers at public auction, or may, himself, arrange 


for such sale, the proceeds of any such sale or sales to revert to said University for the benefit 
of the Library of the Yale School of Medicine. 


I can only interpret this as a deliberate attempt to give me an axe to hold 
over the head of the University fathers if they didn’t toe the line as far as 
the Library is concerned. Actually, the University has treated us most 
handsomely in providing a new building, but the funds came almost too late 
for, while they were appropriated in July 1939, the architect’s plans were 
not finally approved until October 3, 1939, the day Dr. Cushing had his 
first coronary attack. Hostilities had broken out (as Olof Sjéqvist will re- 
vall), and only ten days before the plans were accepted, H.C. at a conference 
with Yale officials was told that the war precluded going ahead with con- 
struction. This being the culmination of four years of agitation for a suitable 


* Read at the annual dinner of the Harvey Cushing Society, October 11, 1946, Boston, Massachusetts. 
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building he replied with extraordinary and somewhat Machiavellian re- 
straint, “Very well, gentlemen, my books are going to the Welch Library.” 
This had an electrifying effect and ten days later, when H.C. was in an oxy- 
gen tent, we were able to tell him that the plans for the Library had been 
approved. 

“ven so we were almost too late, for within a few weeks an embargo was 
put on steel. However, Mr. Atterbury, the architect, had worked with in- 
credible speed and had placed his order for the steel in time. The result of 
this nip-and-tuck struggle, which I suspect shortened Dr. Cushing’s life, is 
that we have the newest and one of the most unusual medical school libraries 
in the United States. 

The circumstances surrounding the building of the Library, and the fact 
that other divisions of the University no doubt questioned the wisdom of 
investing so much in the library of a single school so soon after they had 
invested $7,000,000 in a University Library building, have made those of us 
associated with the new undertaking doubly eager to justify the Library’s 
existence, especially the old book division, which we have called the His- 
torical Library and which in wartime was clearly looked upon as a luxury. 
With these things in mind our small staff devoted a large part of its energy 
to wartime bibliographies—two on aviation medicine, one on vision, and 
a third on Scientific, Medical, and Technical Books published since 1930; 
this latter, the largest volume ever printed at the Yale Press, was under- 
taken for the State Department through the National Research Council. 

But the literary executorship also entailed other duties, for the Oxford 
Press was asking for a Preface for a one-volume ‘Osler,’ Dr. Cushing had a 
book of essays, The Medical Career, halfway through the press at the time 
of his death, he had provided a fund for the completion of a catalogue of his 
library and that undertaking had to be supervised, and then his great bio- 
bibliography of Vesalius was left unfinished with the unwritten understand- 
ing that it should be brought out in 1943 in time for the commemoration of 
the 400th anniversary of the Fabrica. Not content with this, he blithely sug- 
gested in his will that annotated catalogues ought to be issued of his special 
collections, such as his Jenners, Culpepers, his black-letter English books, 
and of course his 168 incunabula. We were also asked, in 1944, to edit one of 
his illustrated travel diaries for the Rowfant Club of Cleveland. And not 
only had he given his own collection but he had proceeded to “‘talk’’ Arnold 
Klebs into giving his collection of 22,000 items to Yale, and Dr. Klebs died 
in 1943 with his huge projected catalogue of medical and scientific incu- 
nabula only half ready for press; also a short-title catalogue of the Klebs 
library will have to be issued. 

I used to think the Chief was a little hard on Gil Horrax, and on his as- 
sistant residents and secretaries, but what he did to them isn’t a patch on 
what he did to his literary executor. Oh yes, and I forgot that he informed 
Klebs in 1934 that I was ready to give my own library to Yale. When 1 heard 
about it from Switzerland, what else could I do? 
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ON BEING A LITERARY EXECUTOR 3 


For a month after his death nothing was said about his biography. Finally 
in November, I felt that it was up to me to bring the matter to Mrs. Cush- 
ing’s attention since enquiries were already being made and I knew that 
there were several persons who were interested in undertaking it. Mrs. Cush- 
ing looked surprised and said, “I thought you had already started it—doesn’t 
a literary executor always write the biography? What do you think he made 
you literary executor for?” I explained that literary executors were usually 
advisers and that they didn’t appoint themselves biographers; that my ad- 
vice was to find one of Dr. Cushing’s older pupils, that I had known him 
only since 1925, I wasn’t a neurosurgeon and I wasn’t practising, ete. But 
Mrs. Cushing insisted, or rather she didn’t listen, and with reluctance as well 
as fright I consented. 

“veryone I talked to about it referred at once with consummate tact to 
the Osler Biography; every time that happened, I had a fit of procrastina- 
tion. One unfeeling soul, who had better be nameless, spoke bitter truth 
when he remarked, ““No one in his right mind would undertake to write the 
life of the author of the ‘Osler’.”’ And so I have had moments of wanting to 
‘ast those two volumes out of the window. Unconsciously we have no doubt 
been influenced by it, for it was essential to the record of Dr. Cushing’s life 
that some attention be given to the way the Osler Biography was evolved, 
but I have tried deliberately not to model the Cushing Biography on the 
‘Osler’—for the subjects were in most respects entirely different human be- 
ings. And while H.C. had to do infinite research to build up his initially 
meager source materials, the Cushing sources were well in hand—the Society 
had done his bibliography, and his files were remarkably full; indeed, I must 
have had ten or fifteen times more in the way of letters and other relevant 
documents than H.C. had for the ‘Osler.’ Our biggest problem was not one 
of search but of selection. For example, while H.C. had practically none of 
Osler’s letters from school and college, we have nearly a thousand hand- 
written letters that he had sent to his parents while he was at Yale, at the 
Harvard Medical School, and at the Hopkins. I have used selected pas- 
sages from only about fifty of these, but they all had to be transcribed and 
read, 

If the Cushing Biography proves to be remarkable for anything, it will be 
for the richness of the primary sources, for I can recall no other medical bi- 
ographer who had such a wealth of material. Think, for example, of his 
voluminous case histories which we have used continuously to verify dates 
and details. Whether we have chosen wisely from the vast assemblage is 
for you to judge; and I can only say that I could never have done it single- 
handed. If the book is in any way successful, it will be because I have had 
the sagacious advice of six virtuous women, three of them long associated 
with H.C., and also that of a learned and patient man, W. W. Francis, 
nephew of Sir William Osler who shared H.C.’s “‘latch-keyer” days in Balti- 
more. Julia Shepley of Brookline, who had prepared the entire Osler Biogra- 
phy for press and who had kept Dr. Cushing’s war diary in France, came 
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down to New Haven in 1940 and for two years devoted her entire time to 
placing the files in chronological sequence and drawing up for each year a 
list of chief events, after each giving the whereabouts of the source. Made- 
line Stanton during this same period conducted correspondence with H.C.’s 
family, friends, and pupils, and it was fortunate that we began immediately, 
for men like Chittenden and many of his Cleveland contemporaries and 
family connections who contributed most valuable information have since 
died. We also collected H.C’s handwritten letters, of which there were a 
great many throughout his life. 

Having been heavily committed in war work and the non-biographical 
duties of being a literary executor, I was not able to begin drafting the text 
until June a year ago, although I had roughly blocked out the Harvard 
Medical and Hopkins chapters when I was in the hospital for three months 
early in 1942. I felt that the book could be better integrated if it could be 
written at a single stretch, so beginning the first of last July I virtually took 
six months off and drafted the text between then and the first of January. 
Julia Shepley and Madeline Stanton between them had left the files mar- 
vellously arranged, and the book practically wrote itself. Since it would 
have been impossible for one person to do all the typing in the time-schedule 
set, I was fortunate in discovering a person having unusual literary judg- 
ment, Miss Elizabeth Thomson, who is also one of the most rapid and ac- 
curate of typists. Finding that she could type about as rapidly as I could 
talk, I dictated all the first drafts directly to the machine. Miss Stanton and 
I then edited the drafts, and Miss Stanton’s services in this connection were 
absolutely invaluable for her judgments were based on twenty years as 
H.C.’s secretary. Most of the chapters went through three drafts, the last 
one in four copies which were sent around to various readers, but particu- 
larly to Louise Eisenhardt and W. W. Francis who have enriched the text 
in countless ways and have spared me many a blush—as have other readers 
too numerous to mention. Elizabeth Thomson typed all three drafts and 
contributed much to the general editing and to keeping me conventional and 
consistent. Madeline Stanton gathered together all of the illustrations (and 
there were literally hundreds from which to choose) and supervised the draft- 
ing of the legends, a task which proved particularly burdensome. 

Some have asked about our choice of publisher—why not one of the more 
general houses such as Oxford, Doubleday, Little Brown, etc., which might 
have been more effective in securing distribution. We had been approached 
by some thirty houses, and since all royalties were to accrue to the Library 
I cold-bloodedly said that I would give the book to the highest bidder. 
Charles Thomas offered a straight 20 per cent royalty on receipts as well as 
an advance to help with my expanded secretarial staff. But quite apart from 
Charles Thomas being the highest bidder, there were many and substantial] 
reasons for wanting him, with which most of the members of the Society 
are familiar. He had long been associated with H.C., from the Blood-vessel 
Tumor Monograph in 1928 to the Meningioma Monograph in 1938, fol- 





Se ee ER | 





ee SR 





ee 


CO 
al 


re 
it 
“d 


m 
al 
Ly 
e] 


y]- 








——EE 
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lowed by the H.C. Bibliography, the Birthday Volume, and the Journal of 
Neurophysiology, and now the Journal of Neurosurgery. The Banta Publish- 
ing Company, which do a large share of Thomas’ printing, came to feel as 
close to Dr. Cushing as though they were members of the family, and it was 
felt that they would take a greater personal interest than any printer with 
whom we had been previously associated. And if Mr. Thomas does not put 
on quite the high-powered promotion campaign backed by the New York 
literary dictators, I think this would have been in keeping with Dr. Cush- 
ing’s own wishes. Mr. Thomas has kept the price down to five dollars, which 
will bring it within the medical student’s range. Had he had full-page spreads 
in the New York papers, the book would have cost ten dollars instead of five, 
and I should prefer medical students to have it, rather than the general pub- 
lic, if a choice has to be made. 

Working with R. F. Gehner, the chief designer of the Banta Company, 
has been particularly pleasant. He has not objected to all the small sketches 
from H.C.’s notebooks which had to be put in as work-arounds—the bane 
of a compositor’s existence. He also designed the attractive jacket and for the 
most part phrased the blurbs. Everything seems to be in good order except 
what he had to say about the author. 

In reading the book critically I hope you will try to visualize the rather 
formidable problem we have had in dealing with people whom the Chief in 
one way or another had annoyed. There were a good many such over the 
years, and they were usually quite vocal about it. Thus, Dr. Franklin S. 
Newell of Boston, who served under Dr. Cushing as a “pup” at the M.G.H., 
wrote me a long letter in 1940 about his grievances in 1895-1896 and asked 
me to be sure to use it, giving his name (Biography, p. 107); and there have 
been a good many others who wanted their side of the story told—men such 
as Conrad Jacobson and Walter Dandy. Prior to his death Dr. Dandy gen- 
erously gave me access to his complete file of correspondence with H.C. The 
story of the relations between the two men could be made the subject of a 
poignant psychological novel. From study of the correspondence I have 
come to believe that basically they had respect and admiration for one 
another, but for some reason there was also mutual mistrust; indeed they 
seemed almost predestined for controversy, and each had a genius for saying 
things and writing things that irritated the other. I have given the details 
rather fully in the Biography. 

In the unhappy situation which developed between them there is a plain 
lesson for all of us. It is particularly relevant today in this period of rapid 
expansion and keen competition in the field of neurosurgery. The Chief did 
not always appear in the best light in his dealings with Dandy, but in all 
fairness to him it must be stated that he often regretted his ill-considered 
and impulsive movements and attempted to make amends. Dandy, however, 
had become so sensitive to the Chief’s thrusts that he always seemed to mis- 
trust his motives and never really forgave him, even carrying his grudge to 
Cushing students who came to work at the Hopkins. Although they both 
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made great contributions to neurosurgery, it will ever be a source of regret 
that they could not have been made in the spirit of friendly association which 
I like to think characterizes the work of members of this Society. The Chief 
was no plaster saint—he had an intense and at times a tempestuous nature 
which many of you know, but, as you also all know well, he had the divine 
spark which led us to form this Society fourteen years ago and to name it 
after him. In 1931 when his students rallied around him at the first Inter- 
national Neurological Congress at Berne, he gave them this piece of advice: 
Hold together. Keep up your friendships—form societies where you can meet together 
frequently to exchange ideas, and to criticize one another’s technique. Keep your finger on 
neurology, but don’t get lost in scientific minutiae—a medulloblastoma or a perineural 
fibroblastoma by any other name is just as sweet! Don’t let neurological surgery get too far 
away from general surgery. It is the greatest possible compliment that we have been adopted 
by the neurologists and accepted as one of them. Be this as it may, we did not grow wholly out 
of neurology, for our roots are in the fertile soil of general surgery. I like to think that our 
specialty is perhaps the richest in the field of Medicine, and it will be if you make it so. 


I began this evening with some more or less facetious observations on 
the Chief’s adroitness in taking care of my leisure time for a good many 
years to come. Actually, of course, I deem it a very great privilege to be 
charged with the responsibility of carrying forward the plans he left un- 
finished, and so far as possible I am attempting to do this in his humanistic 
tradition which may one day be regarded as his most enduring gift to 
medicine. 
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A NUTRITIONAL STUDY OF NEUROSURGICAL 
PATIENTS 
WITH SPECIAL REFERENCE TO NITROGEN BALANCE AND 
CONVALESCENCE IN THE POSTOPERATIVE PERIOD* 


J. H. DREW, M.D., C. E. KOOP, M.D., ann R. P. GRIGGER, A. B. 


Department of Neurosurgery and Department of Surgery, Hospital of the University of 
Pennsylvania, and Harrison Department of Surgical Research, Schools of 
Medicine, University of Pennsylvania, Philadelphia 


(Received for publication October 8, 1946) 


HE SURGICAL approach to lesions of the brain necessitates a fracture of 
the calvarium. Cuthbertson*® has shown that long bone fractures ini- 
tiate a catabolic process that keeps many patients in negative nitrogen 
balance for periods of 10 days or longer. Furthermore, patients with long 
bone fractures do not in general go into positive balance even on high protein 
intakes. In contrast to the experience in long bone fractures, the increased 
nitrogen excretion immediately following extensive abdominal operations 
can usually be compensated by additions to the nitrogen and caloric intake 
so that a positive nitrogen balance is possible. Many neurosurgical patients 
are in a moderately poor nutritional state prior to operation, and this may 
become critical in the early postoperative period. This study was under- 
taken to determine the requirements for a positive nitrogen balance in such 
patients. 
METHODS 
Twelve patients have been studied. Nine of these had a craniotomy per- 
formed; 2, a suboccipital craniectomy, and 1 had a cranial defect repaired 
with a tantalum plate. Six of the patients were females, and 6 were males. 
They ranged in age from 15 to 50 years. Before operation 3 patients were 
confined to bed, 2 were ambulatory but were restricted to bathroom priv- 
ileges, and 7 were fully ambulatory. None of these 12 patients showed 
evidence of a serious nutritional deficiency. They were divided into two 
groups as follows: 


Group A—‘Control.”’ The patients in this group were fed either by stomach tube or mouth 
in the manner that had been in general use on the neurosurgical service. Those fed by mouth 
received the standard hospital diets. The one fed by tube received a mixture consisting 
mainly of milk and milk powder, containing 100 cal. and 0.6 gm. of nitrogen per 100 ml. The 
study covered a period of 10 days after operation. No attempt was made to keep the intake at 
a fixed level, but the amounts actually consumed were carefully recorded. 

Group B—Treated.” All the patients in this group received hydrolyzed protein in the 
form of Amigen. The feedings were taken by mouth in 3 instances and in 3 others given by 
catheter into the stomach in divided amounts. The number of feedings ranged from 3 to 6 

* The work described in this paper was done under a contract, recommended by the Committee on 


Medical Research, between the Office of Scientific Research and Development and the University of 
Pennsylvania. 
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per day. The regimen was continued for a period of 5 days starting within 24 hours of opera- 
tion. We attempted to give these patients an intake of 0.3 gm. of nitrogen and 30 cal. per kg. 
of body weight per day. In those patients who were tube fed this was relatively easy, but in 
those who took feedings by mouth deviations from the planned intake did occur. Unconsumed 
portions of the diets were measured and deducted from intake. 

The caloric value and protein content of the foods were calculated from standard diet 
tables.'-" A number of different samples of Amigen were analyzed for nitrogen content and an 
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average value of 12.0 gm. of nitrogen per 100 gm. was used in computing the nitrogen intake 
when this substance was used. 

In all cases in which blood or plasma was given, an aliquot from each unit was analyzed for 
nitrogen. The caloric value of other intravenous fluids was also taken into consideration in 
computing the patient’s total caloric intake. 

The nitrogen output of each patient was determined by analysis for nitrogen of urine, 
vomitus, and cerebrospinal fluid collected by or under the direction of special nurses assigned 
to the study. Fecal nitrogen was measured in some cases and estimated in others. Further 
details of the methods have been reported by Riegel, Koop, Drew, Stevens, and Rhoads.!® 
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Loss of protein from wounds was not measured, but it did not appear to be large in any case. 
Weights of the patients were determined by means of a balance built for the purpose by 
Henry Troemner & Co. (Table 1). Daily fluid intake was limited to 2,500 to 3,000 ml. 
RESULTS 
Nitrogen Balance. We considered that all patients were in nitrogen 
equilibrium if nitrogen output did not exceed intake by more than 1.0 gm. 
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per day. In Group A, the control group, all of the 6 patients were in negative 
balance for the first 5-day period after operation, and cumulative nitrogen 
deficits at the end of this period ranged from 0.06 gm. per kg. to 0.76 gm. per 
kg. During the second 5 days 3 patients showed marked improvement and 
were in positive nitrogen balance while 3 continued in negative nitrogen 
balance (Fig. 1). 

In the “treated” series 4 patients showed a positive cumulative nitrogen 
balance at the end of 5 days (Fig. 2). The other 2 patients, E. S. and C. C., 
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remained in negative balance although they received the planned intake of 
0.3 gm. of nitrogen and 30 cal. per kg. of body weight. E. S. showed a 2+ 
albumin in her urine after operation and was one of 2 patients whose temper- 
ature reached 104°F. after operation. C.C.’s highest daily temperature 


Patient 


CONTROL 
E.C. 


J.J. 
D.F. 


TREATEI 
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Age 


36 
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| 50 
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TABLE 1 


General information on control and treated groups 


Diagnosis 


Left parietal 
toma multiforme 


| Left parietal osteoma 

| Chronie subdural hem- 
aloma 

| Chiasmal arachnitis 

| 

| Suspected cerebellar tu- 
mor 


| Left temporal glioblas- 
| toma multiforme 


Suspected — right 


poral tumor 


Left — cerebellopontine 
angle tumor 





| 
| 
| 


Right 
toma 


frontal astrocy- 


Right frontal oligod+n- 
droglioma 


Jacksonian epilepsy. 
Cranial defect 
Chiasmal arachnitis 


* See Table 4 for weight gain or loss. 


glioblas- 


tem- 


| 
Operation | 


| Ventriculogram. Tem- | 
| poroparietal craniot- | 
| omy. Partial removal. | 
| Craniotomy. Removal. | 
| Right frontoparietal 
| craniotomy. Removal. | 
Right transfrontal crani- 


otomy. 
Suboccipital craniec- 
tomy. Negative ex- | 


ploration. | 
Temporoparietal crani- 
Partial 





| otomy. re- 
| moval. 

Ventriculogram. Tem- 

poroparietal craniot- 


omy. No tumor found. 
Suboccipital craniec- 
tomy. Complete re- 
moval. 
Ventriculogram. Fronto- | 
temporal craniotomy. 
Amputation of frontal 
lobe. 
Ventriculogram. Fronto- | 
temporal craniotomy. 
Partial removal. 
Right cranioplasty with | 
tantalum plate. | 
Right transfrontal cra- 
niotomy. 


ee J 
Preop. 


Weight* 


(kg.) 


64 


47. 


70. 


60.$ 


65. 


69. 


38. 


66. 


2 


| 











| Cumu- 
Type of | lative 
Feeding | Nitrogen 
| Balaneet 
Oral | 
Oral | - 
Oral & — 
Tube 
Oral ~ 
| 
Oral | + 
Oral | + 
Tube - 
Tube | — 
| 
Tube | + 
} 


Oral 


| 
Oral | {- 
Oral | 


} Cumulative balances for 10 days in the control group and 5 days in the treated group. See 
Table 5 for comparison of nitrogen balance for the first 5-day period in the two groups. 


averaged 102.7°F. (highest average of the group). Undoubtedly this con- 
tributed to her negative nitrogen balance. 

The data obtained in each case are presented in Tables 1 to 4. Table 5 
is a summary showing the averages for the first 5-day period in order to 
permit comparison of the control and treated groups. 
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Table 5 shows average intake and output of nitrogen per kg. in each 
group of patients. In the control group the average intake closely approxi- 
mates that usually recommended for normal individuals (1.0 gm. pro- 
tein=0.16 gm. of nitrogen per kg. of body weight). Lowest intake in this 
group was 0.10, highest was 0.22 gm. of nitrogen. These patients were not 
maintained in positive balance on this intake. In the second 5 days after 
operation the average intake for this group was 0.227. On this intake 3 of 
the 6 patients were in positive nitrogen balance. 

In the treated group (studied only in the initial 5-day period) the av- 
erage intake was 0.29 gm. of nitrogen per kg., with an average output only 


TABLE 2 


Comparative nitrogen intake of control and treated groups 
for 5 and 10 day periods 

















| | 
| First 5 Days Second 5 Days | Total 10 Days 
Patient | : 
| ‘Total Daily Average | Total Daily Average | Total | Daily Average 
| gm. gm. | gm./kg.| gm. | gm. | gm./kg. | gm. | gm. gm./kg. 
CONTROL | | | | | | | 
EC, | $4.0 6.8 | oll | 45.7 | 9.1 | 0.14 | 79.7 8.0 | 0.12 
JJ. | go7 | 6.5 0.11 8.5 | 9.9 0.16 81.2 8.1 | 0.13 
D.F. 39.9 | 6.6 0.13 1.5 | 16.9 | 0.34 | 124.4 12.4 | 0.25 
D.W. 13.7 | 8.5 0.12 72.8 | 14.5 0.21 | 116.5 11.6 | 0.17 
JR. | 60.3 | 12.0 | 0.20 | 82.9 | 16.5 | 0.27 | 143.2 | 14.3 | 0.24 
N.R. 50.8 10.1 | 0.16 77.5 15.5 | 0.24 | 128.3 12.8 0.20 
TREATED | | 
E.S. 99.0 19.8 | 0.29 | 
Cx. 53.0 10.6 | 0.28 | 
M.G. | 100.0 20.0 | 0.30 | 
M.B. | 76.6 15.3 0.26 | 
J.B. 72.2 14.4 | 0.25 | 89.4 17.8 0.31 | 161.6 16.2 0.28 
V.D. 109.7 21.5 | 0.23 
Group Av. | 
Control | 41.8 8.3 | 0.14 | 68.8 13.7 0.23 | 112.2 11.2 0.19 
Group Av. | 
Treated | 85.0 | 16.9 | 0.27 | | | | 





slightly above that of the control group. Four of the 6 patients were in 
positive nitrogen balance. The caloric intake in this group was also higher 
than in the control group. 

Plasma Protein Concentration. The plasma protein concentration was 
determined at the beginning of the study and after 5 days in each patient 
and also after 10 days in the control patients. No correlation was found 
between the nitrogen intakes and the changes in plasma protein concentra- 
tion. These patients were not, as a group, hypoproteinemic. The average 
concentration was 7.3 gm. per 100 ml., and the lowest was 6.4 gm. per 100 
ml. A similar lack of correlation between plasma protein and nitrogen intake 
in short-term feeding experiments has been observed before.’ 
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Postoperative Course. The postoperative reaction of the patients was 
followed from the standpoint of temperature elevation, time of rising from 
bed rest, local edema, signs of increased intracranial pressure and clinical 
impression. 

The average of the highest temperatures recorded for the 5 days was 
100.9°F. for the controls and 101.8°F. for the “‘treated”’ patients. For those 
having positive and negative cumulative nitrogen balances the average of 
the highest daily temperatures was 101.2°F. and 101.4°F. respectively. 


TABLE ¢ 


Comparative nitrogen excretion of control and treated groups 
for 5 and 10 day periods 








First 5 Days Second 5 Days Total 10 Days 
atient : — : 
Total Daily Average Total Daily Average Total Daily Average 
gm. gm. j gm./kg.| gm. gm. | gm./kg. gm. gm. | gm./kg. 
CONTROL | 
E.C. 78.1 15.6 0.24 82.5 16.5 0.26 160.6 16.0 0.25 
JJ. 74.6 14.9 0.26 58.7 M7 0.20 138.3 | 18.38 0.23 
D.F. 72.0 14.4 0.29 67.0 13.4 0.27 139.0 | 138.9 0.28 
D.W. 64.5 12.9 0.18 73.7 14.7 0.22 188.2 | 13.8 0.20 
JR. 66.2 13.2 0.22 76.1 15.2 0.25 142.3 14.2 0.23 
N.R. 56.7 11. 0.17 56.6 11. 0.17 113.3 11.3 0.17 
TREATED 
LS. 113.9 22.7 0.33 
Ce. 75.2 15.0 0.39 
M.G. 79.9 15.9 0.24 
M.B. 62.4 12.5 0.21 
J.B. 64.4 12.4 0.21 
V2. 106.0 21.2 0.23 
Group Av. 
Control 68.6 13.7 0.23 69.1 13.8 0.23 187.7 18.7 0.23 
Group Av. | 
Treated 83.6 16.6 0.27 | 
































Postoperative activity was not significantly affected by the nutritional 
regime employed. 

The extensive local edema (periorbital or facial) often seen in neuro- 
surgical patients occurred in 11 of the 12 patients. This was probably not 
due to hypoproteinemia since the average serum protein concentration was 
7.3 gm. per 100 ml. and was 6.4 gm. per 100 ml. in the lowest instance. The 
exact cause of this edema is not clear since in a series of patients fed high 
protein diets before operation facial edema was entirely absent after opera- 
tion.’ The single patient who developed no edema was a “‘treated’”’ patient 
who was in positive nitrogen balance throughout (J.B.). 

Postoperative cerebral edema was the most serious problem. Its oc- 
currence was limited to those 10 patients whose brains were manipulated. 
Five of these were in the control group, and 5 received special feedings. 
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Changes in pulse, respiration, blood pressure, state of consciousness and 
tightness of the decompression area were used as criteria for intracranial 
pressure changes. Seven patients (70 per cent) showed signs of increased 
pressure sufficient to necessitate ventricular taps. Four were in the treated 
group, 3 in the control group. Five were in negative nitrogen balance; 2 
were in positive nitrogen balance at the time of tapping. The increased in- 
tracranial pressure was of shorter duration in those patients in positive 
nitrogen balance. Of the 3 patients who did not develop signs of cerebral 


TABLE 4 


Miscellaneous data for comparison of control and treated cases 



































peewee l 
Blood Plasma Proteins | Postoperative Temp. | 
a . a Increased| _ ‘ , 
Given | Weight | Int Cumulative 
Patient | Day of | Before ; ac nira- | Average Nitrogen 
End of | Change | cranial ts ee a 
Opera- | Opera- s Highest | Highest Balance 
. . Study Pressure : 
tion tion Daily 
ce. kg. oF 5 gm. | gm./kg. 
CONTROL 
E.C. 1040 7.3 7.5 —3.3 + 102.1 103.0 —80.9 | —1.26 
JZ. 700 7.6 8.0 —5.1 0 99.9 100.6 —51.3 —0.89 
D.F. 1000) |) 7.5 6.3 —3.0 + 101.8 102.6 —16.4 | —0.35 
D.W. 525 7.6 7.4 —0.6 0 100.6 101.6 —26.6 | —0.38 
JR. 840 6.8 7.6 —2.3 0 100.0 102.6 + 1.2} +0.02 
N.R. 1575 7.6 8.2 +1.3 + 101.0 101.8 +11.0 | +0.17 
TREATED 
E.S. 1475 7.7 Pe —4.0 + 101.7 104.0 —17.9 | —0.26 
Ci. 950 7.0 6.5 —1.6 + 102.7 103.6 —21.0 | —0.54 
M.G. 1500 6.9 6.6 —0.8 + 102.3 104.0 +17.4 | +0.26 
M.B. 2075 7.3 6.2 +0.3 + 101.8 102.6 +19.4 | +0.33 
J.B. None 8.0 7.4 +2.5 0 101.4 102.4 + 8.7 | 40.15 
V.D. 525 6.9 6.6 +0.3 0 101.0 102.0 + 3.6 | +0.04 








* Cumulative balance for 10 days in the control group and 5 days in the treated group. See 
Table 5 for comparison of nitrogen balance for the first 5-day period in the two groups. 


edema, 2 had exploratory craniotomies for chiasmal arachnoiditis, and 1 had 
an exploratory suboccipital craniectomy. None of these procedures neces- 
sitated an extensive manipulation of the brain. 

Clinical Impression. This is based entirely on subjective reaction of the 
authors to the patient’s convalescence. In general, we feel that those patients 
in negative daily and/or cumulative nitrogen balance showed a less favorable 
over-all convalescent reaction than those who built up positive balances. 
Those with negative nitrogen balances showed less interest in their surround- 
ings and had to be coaxed more to take food than did the ones with positive 
balances. The differences were not striking, but we feel they were definite. 


COMMENT AND DISCUSSION 


Most patients subjected to trauma or operation tend to assume a nega- 
tive nitrogen balance. However, nitrogen loss varies considerably in the 








14 J. H. DREW, C. E. KOOP AND R. P. GRIGGER 


different groups of surgical patients. Nitrogen loss for 10 days in a group of 
patients with a partial gastrectomy was as high as 107 gm.° Losses in burn 
patients have been reported as high as 45.0 gm. per day” and as high as 390 
gm. for 10 days.® Nitrogen loss in patients with long bone fractures is also 
high and extends over long periods of time.’:? The average 10-day nitrogen 
loss in our control patients was 127.5 gm. The high nitrogen excretion en- 
countered in fracture patients was not seen in our patients. From these 
observations we can conclude that the bone trauma sustained by craniotomy 
patients probably did not play a major part in their nutritional picture. 

It is evident, of course, that the nitrogen requirement of any patient for 
equilibrium will be affected by the total caloric intake. It is also evident that 
individual surgical patients vary widely in their nutritional needs even 

TABLE 5 


Average intake and output and nitrogen balance for the initial 5-day period 


Average Intake Average | Nitrogen | Per cent of 
- a Balance Patients 

| Nitrogen | Calories Nitrogen First Positive for 

| /kg./day | /kg./day | fig. /day 5 Days This Period 

| | | 

gm. gm. | gm. per day 

Controls 0.14 22 0.23 —5.4 | 0 
Treated 0.27 31 0.27 —0.3 66.6 


though the operative procedures are similar. The data obtained in this group 
of patients indicate that nitrogen equilibrium i is uncommon after ¢ raniotomy 
in the early postoperative period unless a minimum nitrogen intake of 0.2 
gm. per kg. per day with a caloric intake of about 2 
maintained. 

This enone for the 70.0 kg. adult to approximately 130 gm. of 
protein and 2,100 cal.—not an excessive or difficult intake for a patient with 
a normally functioning digestive tract. 

Patients receiving large blood transfusions (1,500 to 2,000 ce.) on the day 
of operation showed a greater tendency to nitrogen equilibrium on that day 
than those who received small transfusions. Forbes’ has calculated. that 
about 2.5 1. of blood would be required to restore urinary nitrogen excreted 
by a patient losing 1.0 1. of blood at operation. Our observations tend to 
confirm this, although it should be pointed out that all the transfused blood 
is probably not available for nutrition. Adequate intake on the operative 
day may be achieved by use of tube feedings in selected cases, but there is 
the ever-present danger of vomiting and aspiration of regurgitated material 
if the patient is unconscious. 


5 cal. per kg. per rai is 


SUMMARY AND CONCLUSIONS 


Twelve patients undergoing major neurosurgical procedures were 
studied from the standpoint of their nitrogen balance and its effect on con- 
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ralescence. Nitrogen loss in the control patients was, in general, less than in 

surgical patients with severe burns, long bone fractures and gastric resections 
reported in the literature. A nitrogen intake of about 0.3 gm. per kg. per day 
accompanied by approximately 30 cal. per kg. per day resulted in a positive 
nitrogen balance in 4 of 6 patients during the early postoperative period 
following craniotomy. ‘wo patients who remained in negative balance on 
this regimen had marked hyperpyrexia. On the basis of these observations 
we recommend that neurosurgical patients be given a diet containing the 
above amounts as a minimum and that this be increased if an unusual degree 
of fever develops. A normal nutritional state before operation and a positive 
daily and cumulative nitrogen balance after operation seemed to be as- 
sociated with a smoother convalescence. 
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NERVE END SEPARATION FOLLOWING SUTURE 


RESECTION OF THE NECK OF THE FIBULA IN SUTURE 
OF THE PERONEAL NERVE* 


LIEUT. K. E. LIVINGSTON (MC), U.S.N.R.,{ CAPTAIN W. K. LIVINGSTON 
(MC), U.S.N.R.,f anp LIEUT. DON ANDRUS (MC), U.S.N. 
Peripheral Nerve Center, U. S. Naval Hospital, Oakland, California 


(Received for publication October 8, 1946) 


N A GRouP of over 300 major nerve lesions requiring end resection and 

suture at this clinic, there have been 10 instances of postoperative dis- 

ruption of the suture line. This is a relatively low incidence of separation 
(approximately 3 per cent) in view of the fact that the great majority of these 
were war wounds, with extensive scarring of the nerve and loss of nerve 
substance. In studying this problem of end separation following suture we 
have been impressed by the disproportionate number of instances in which 
the peroneal nerve has been involved. All 10 separations occurred in lower 
extremity nerves and 9 of the 10 were isolated peroneal lesions within 
7.5 em. of the head of the fibula. The remaining case involved both di- 
visions of the sciatic nerve at a level approximately 15 cm. above the pop- 
liteal space. In 51 cases of peroneal nerve injury the nerve was sutured; 
these cases comprised 17 per cent of the total series. We are unable to explain 
the preponderance of peroneal nerve disruptions on the basis of the relative 
incidence of peroneal neurorrhaphies. 

A similar incidence of disruption following suture peculiar to the peroneal 
nerve has been recently reported by Whitcomb.? He found that 70 per cent 
of all suture line disruptions involved the peroneal nerve. 

Nerve suture under some degree of tension is sometimes unavoidable if 
the nerve ends are resected back to levels that will be favorable to regenera- 
tion. At this clinic, all sutures were performed with tantalum wire by a 
technic previously described.! In cases in which radical mobilization of the 
nerve and postural fixation of the extremity were necessary, careful post- 
operative roentgenologic studies were made for evidence of end separation. 
In addition, all cases have been reexplored in which separation was suspected 
either from roentgenologic or clinical evidence. 

The peroneal nerve follows a circuitous course after leaving the popliteal 
space. It crosses the lateral head of the gastrocnemius and circles laterally 
to be fixed to longitudinal stress by its subfascial crossing of the neck of the 
fibula. It then enters the anterolateral muscle compartment of the leg to 
break up immediately into its terminal divisions. This means that stress 
following suture at this level acts upon a fixed distal segment and is dis- 
tributed over a relatively short length of nerve. These two anatomical and 


* The opinions expressed in this article are the private views of the authors and are not to be con- 
strued as official or reflecting the views of the Navy Department. 

{ Department of Neurosurgery, Lahey Clinic, Boston, Massachusetts. 

t Medical Arts Building, Portland, Oregon. 
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NERVE END SEPARATION FOLLOWING SUTURE 


_ Proximal portion 
of severed peroneal 
nerve 


| _ Biceps femoris m 


Semime Tibial nerve 





Distal portion 
of peroneal nerve 


“~ Gastrocnemius 
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Fic. 1. Exposure of the nerve interrupted in the distal portion of the popliteal space. Inset B 
shows diagrammatically the resected segment of fibula. 


mechanical factors form the most logical explanation for the high incidence 
of peroneal neurorrhaphy disruptions. 

We have found that resection of a segment of the neck of the fibula 
allows the nerve a more direct course from the popliteal space to the antero- 
lateral surface of the leg, and also increases the mobility of the distal portion 
of the nerve and the length over which stress applied to the nerve may be 
distributed. We have utilized this procedure in revisions in the 9 cases of 
peroneal separation, and at the time of primary exploration in 3 additional 
cases of peroneal interruption. 

TECHNIC 

The following operative technic has been employed. A long curved incision is made over 
the course of the nerve extending distally 10 to 12.5 em. below the head of the fibula. The 
proximal] and distal nerve ends are isolated and freed above and below the lesion (Fig. 1). The 
distal segment of the nerve is retracted and the subperiosteal resection of the neck of the 
fibula is carried out, removing 6 to 8 cm. of bone. The lateral surface of the head of the fibula 
is not disturbed and the lateral hamstring tendon attachments are left in place. The fibular 
origin of the soleus muscle is then displaced anteriorly and sutured so as to occupy the 
periosteal bed of the resected portion of the fibula (Fig. 2). This serves to shorten the course 
of the nerve and to isolate it from fibular periosteum. Nerve suture can then be carried out. 
Postoperatively the leg is immobilized in a hip spica with the knee at 90° flexion and with 
hyperextension of the thigh. The body segment of the cast is removed in 3 weeks with gradual 
extension of the leg 2 to 3 weeks later. 
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The length actually gained by this procedure is not great—1.0 to 2.5 em. 
However, this length, plus the fact that the mobility of the distal segment is 
increased, has enabled us to maintain end-to-end approximation when we 
believe it would otherwise have been impossible. It is only fair to point out 
that 3 of the 9 resutures for which fibular resections were performed, sub- 
sequently disrupted and had to be resutured. Two were redone twice, one 
once. In these cases only leg casts were applied at the operating table. We 
now feel that any case in which resection of the fibula is indicated must have 
both knee and hip mobilization. 

It is too soon after operation to expect return of function in the 12 cases 





Fic. 2. Interruption of the nerve at the level of the neck of the fibula. Plate 2 shows the imbrication 
of the soleus into the periosteal bed of the resected fibula and suture of the nerve. 


in which this procedure has been carried out. However, there is no evidence 
of disruption of the suture lines seen in the roentgenograms and an advancing 
Tinel’s sign present in each case suggests that the anastomoses are intact. 

In our experience patients have had no symptoms or disability resulting 
from loss of this segment of fibula. 


SUMMARY 

1. In over 300 major nerve lesions requiring suture, 10 cases of separation 
at the suture line have occurred. 

2. Nine of the 10 disruptions occurred in the peroneal nerve. 

3. In all of these cases the nerve has been resutured after resection of the 
neck of the fibula. 

4. In 3 additional cases of peroneal interruption, neurorrhaphy at the 
primary operation was performed after resection of a portion of the neck of 
the fibula. ‘ 

5. A technic for the resection of the neck of the fibula in conjunction with 
nerve suture is described. 
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SURGICAL TREATMENT OF ANGINA PECTORIS 


INGA LINDGREN, M.D., ann HERBERT OLIVECRONA, M.D. 
Neurosurgical Clinic, Serafimerlasarettet, (Director: Professor H. Olivecrona) and 
IVth Medical Service, St. Erik’s Hospital (Director: Professor H. Berglund), 
Stockholm, Sweden 


(Received for publication October 23, 1946) 


HE EXTENSIVE researches of Blumgart! have shown that the structural 

basis for coronary pain is an arteriosclerotic process with obstruction 

or obliteration of one or more coronary arteries before an adequate 
collateral circulation has been developed. On the other hand, if the develop- 
ment of the collateral circulation has kept pace with the progressive arterial 
narrowing, myocardial damage and pain are absent even if one or more 
of the coronary arteries are obstructed. 

If the increased blood supply to the myocardium demanded by muscu- 
lar exercise cannot be delivered through the ordinary or collateral channels, 
coronary pain results. A short rest is usually sufficient to restore the circula- 
tory balance and the pain subsides. Dilatation of the coronary arteries by 
nitroglycerine hastens the process and may, if the drug is taken before 
muscular exertion, prevent an anticipated attack. 

Vasoconstriction, on the other hand, is an important factor in anginal 
pain. Practically every sufferer from angina pectoris is worse in the winter; 
his capacity for muscular work is much less in cold weather. Sudden cooling 
from any cause is frequently sufficient to bring on an attack. Freedberg,’ in 
a series of experiments, has been able to show the effect of cooling upon the 
exercise tolerance in angina pectoris. He found by testing the same patient’s 
vapacity for exercise at different temperatures that the tolerance was much 
less at temperatures of 7-18°C. (45-55°F.) than at 24°C. (75°F.). His in- 
vestigations thus lend experimental support to clinical experience that cold 
weather has a bad effect on sufferers from angina pectoris. Since the increased 

vardiae work due to rise in blood pressure and tachycardia is relatively slight 
under the experimental conditions used by Freedberg, it is hardly possible to 
escape the conclusion that the effect of cold is due to reduction of the 
coronary blood flow because of vasoconstrictor impulses to the coronary 
arteries. 

The importance of vasoconstriction is further emphasized by the effect 
of emotion upon patients with angina pectoris. Practically every patient 
will say that anger or any other emotional upset is likely to provoke an 
attack. Mainzer'® has shown that the fear before operation may cause 
transient electrocardiographic changes indicating coronary vasoconstriction, 
not only in patients suffering from coronary disease but also in persons with 
normal hearts, especially in neurasthenics. There are many cases on record 
of patients dying suddenly from coronary occlusion after a heated argument, 
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the most famous case being that of John Hunter. Anybody who has seen a 
number of patients with angina pectoris can probably recall such instances. 
It also seems possible that the pain provoked by effort or emotion might 
induce further vasoconstriction establishing thereby a vicious circle. Experi- 
mental work has lent support to this opinion. Gold!® and Gilbert,’ amongst 
other investigators, have shown that spontaneous or experimentally induced 
extracardiac pain produces electrocardiographic changes in patients suffer- 
ing from angina pectoris. 

Further it has been shown that cardiac pain can be ameliorated or 
abolished by local anaesthesia of the area of referred pain. During a func- 
tional load placed upon the heart pain is diminished or completely abolished 
after precordial anaesthesia, while the same functional load produces typical 
anginal pain in the same individual unanaesthetized. Electrocardiograms 
registered during the test with anaesthesia show less pronounced changes 
than during a corresponding test without anaesthesia.’? This may indicate 
that amelioration of anginal pain is accompanied by improved coronary 
circulation. 

The purpose of the neurosurgical interventions employed in the treat- 
ment of angina pectoris is to interrupt the sensory pathways of the heart 
or/and to block the pathways for vasoconstrictor impulses to the coronary 
arteries. There is considerable difference of opinion concerning the relative 
importance of afferent and efferent fibres in the vasomotor reflexes of the 
heart. We propose to discuss this point in a later section of this paper. 

The afferent pathways between the heart and the brain are reasonably 
well known. These pathways run through the middle and inferior cardiac 
nerves, which join the sympathetic trunk and ganglia near the middle and 
inferior cervical ganglia. In the sympathetic trunk the afferent nerves from 
the heart take a downward course and leave the paravertebral chain of 
sympathetic ganglia through the white communicating rami to the first 2 
or 3 thoracic nerves to enter the corresponding posterior roots, and after 
crossing over to the opposite side of the spinal cord reach the brain through 
the spinothalamic tract. A second important and constant pathway for 
afferent impulses is through the thoracic cardiac nerves, first described by 
Braeucker? in 1927, and by Ionesco and Enachesco” in the same year. The 
thoracic cardiac nerves run from the heart to the 38rd and 4th, possibly also 
to the 5th, thoracic sympathetic ganglion to enter the posterior root through 
the corresponding white rami communicantes. In addition there are probably 
accessory afferent pathways with wide variations in their individual de- 
velopment, as shown by the localization of referred pain to segments above 
or below the 5 upper thoracic segments. The phenomenon of “migration of 
pain” also indicates the presence of accessory afferent nerves. The anatomy 
of the accessory sensory connections is very imperfectly known. Referred 
pain below the 5th thoracic segment is on the whole very rare and migration 
of pain in our experience never occurs below this segment but always to 
cervical and cranial segments. This suggests that sensory impulses are 
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varried through the vagus and possibly that sensory connections between 
the superior cervical ganglia and the spinal cord exist. 

The pathways for vasomotor impulses to the coronary arteries are much 
less clearly understood than the sensory innervation of the heart. The 
physiological evidence is conflicting and can hardly serve as a guide to 
surgical procedures aimed at relieving coronary pain. Nevertheless clinical 
experience indicates, as pointed out above, that vasoconstrictor impulses 
play an important part in bringing about anginal attacks, and this point 
therefore cannot be ignored when discussing the relative merits of operative 
procedures. Clinical experience gained with various surgical procedures also 
points to the conclusion, admittedly at variance with the opinion held by 
many physiologists, that the bulk of vasoconstrictor impulses to the coronary 
arteries run through the sympathetic and not through the vagus. 

The points of convergence where the afferent pathways from the heart 
can be interrupted are: (1) the 4 or 5 upper dorsal roots; and (2) the inferior 
cervical (stellate) ganglion and the sympathetic trunk down to and in- 
cluding the 4th thoracic ganglion. 

Section of the dorsal roots was proposed by Daniélopolu’ in 1923 but 
first carried out by Davis in 1933. His patient was completely relieved of 
coronary pain for one year after operation. Five successful cases have re- 
cently been published by Haven and King." According to White and Smith- 
wick,?’ altogether 11 of these operations have been performed, including the 

‘ases mentioned above, with one fatality and with relief of pain in the others. 
Davis’ case was the only one published at the time the monograph of White 
and Smithwick appeared. 

In 7 of our earlier cases section of the 5 superior thoracic roots was given 
a trial. One patient died within a few hours from cardiac infarction and an- 
other 3 months after operation also from infarction, in the meantime having 
had only moderate relief from coronary pain. The others all had complete 
or nearly complete relief from pain, but after an interval varying between 2 
and 6 months attacks of angina pectoris returned in 3 cases, although with 
somewhat less intensity than before operation. One patient, observed for a 
period of over 12 months, remained free from true anginal attacks but in- 
stead had a constant feeling of oppression in the chest. In another, who was 
also relieved of coronary pain, a condition of anaesthesia dolorosa developed. 
This distressing condition, familiar to all neurosurgeons as an occasional 
sequel to trigeminal root section, is absolutely resistant to all known forms 
of treatment and in the course of time takes on proportions of such magni- 
tude that in the mind of the patient the original pain for which operation 
was undertaken is entirely submerged. The feeling of oppression which de- 
veloped in 3 patients, 2 of whom also had recurrence of true coronary pain, 

is constantly present and unrelieved by nitroglycerine. It does not appear to 
be aggravated by muscular exertion and its true nature remains somewhat 
obscure. Possibly it might be considered to be a milder form of anaesthesia 
dolorosa. The main point, however, is that this feeling of oppression is 
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sufficiently disagreeable to vitiate the result of the operation. 

In our experience, therefore, the results of root section have been dis- 
appointing. There is a high proportion of recurrencies and also there is a sense 
of discomfort, occasionally even of distress, due to anaesthesia of the 5 upper 
thoracic dermatomes. In addition to the poor results there are other objections 
to the operation of root section. The mortality is comparatively high and 
would no doubt have been higher had we employed it in a number of cases of 
advanced cardiosclerosis; these patients were instead subjected to the exten- 
sive cervico-thoracic sympathectomy, which is at present our method of choice. 
One reason for the high mortality is that the laminectomy and root section 
must be done with the patient in the recumbent position and we quite agree 
with White and Smithwick that this position in conjunction with the 
muscular relaxation produced by general anaesthesia is badly tolerated by this 
type of patient. Fat embolism, which follows every bone operation of any 
magnitude, is another source of danger and altogether it must be said that a 
laminectomy of the extent necessary to cut 5 consecutive roots is too severe 
an operation for these patients with their badly damaged hearts. We feel 
therefore that root section has no place in the surgical treatment of angina 
pectoris. 

By far the greater amount of work aimed at relieving coronary pain has 
been devoted to interventions on the afferent pathways during their course 
in the sympathetic trunk and ganglia. Francois Franck’ first suggested this 
possibility in 1899, but this notion lay dormant for 17 years until Jonnesco™ 
varried out the first operation for angina pectoris in 1916. Jonnesco removed 
the stellate ganglion and the sympathetic chain in the neck on one or both 
sides and reported his results in a monograph" in 1923. His 4 patients all had 
syphilitic aortitis with angina pectoris and 3 of these were followed for a year 
or more. They remained free from pain, but since they also received specific 
treatment before and after operation too much weight should not be at- 
tached to these observations. Jonnesco’s work stimulated interest in opera- 
tions for angina pectoris and a large number of operations with variable 
success but also attended by a considerable mortality were reported in the 
literature during the years following Jonnesco’s publications. The mortality 
of the Jonnesco operation, in all probability due to several different causes, 
such as inexperience in the selection of cases for operation, crude technique 
of anaesthesia and operation, caused the procedure to fall into disrepute 
and attempts were made to obtain relief from coronary pain by less extensive 
operations. Coffey and Brown’ reported relief following excision of the 
superior cervical ganglion alone, a result difficult to explain on the basis of 
known anatomical and physiological facts since no afferent fibres from the 
heart pass through this ganglion. Possibly vasoconstrictor fibres for the 
coronary arteries are interrupted in this operation but even this explanation 
is hypothetical. 

The Jonnesco operation was severely criticized by Daniélopolu‘ on the 
ground that this operation robbed the heart of a large part of its accelerator 
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control with failure of the left heart and pulmonary edema as a result. 
In the removal of the stellate ganglion, therefore, Daniélopolu saw the main 
vause of the fatalities that had been reported following the Jonnesco opera- 
tion. Later experiences with thousands of stellectomies for Raynaud’s disease 
and other circulatory disturbances affecting the arm, angina pectoris and so 
on, have shown conclusively that the fears entertained by Daniélopolu were 
unfounded and that the stellate ganglion may be removed without impairing 
the functional capacity of the heart. Daniélopolu’ presented an operative 
procedure of his own, sparing the stellate ganglion and designed to interrupt 
what Daniélopolu terms the “‘vasopressor reflexes,” which according to him 
are the main factor releasing coronary pain. Blocking of the sensory path- 
ways between heart and brain therefore did not enter into Daniélopolu’s 
valculation or was a secondary consideration, the idea being that, if the 
vasopressor reflexes were blocked on the sensory side, no attacks could occur. 
Since the operation of Daniélopolu also destroys most of the afferent path- 
ways from the heart except the fibres running through the thoracic cardiac 
nerves, it is impossible to say whether freedom from pain is due to blocking 
of the vasopressor reflexes or to elimination of a large part of the sensory 
innervation of the heart. 

Leriche,” in his concept of the origin of coronary pain, follows a line of 
reasoning somewhat similar to that of Daniélopolu. With Francois Franck he 
admits the existence of afferent nerves belonging to the sympathetic system 
proper and the role of sympathetic ganglia as reflex centres connected with 
afferent and efferent fibres with the viscus they innervate, an opinion 
clearly opposed to the concept of most physiologists today. In the particular 
case of the heart, the stellate ganglion is a reflex centre and afferent impulses 
travelling through the cardiac nerves to the stellate ganglion may give rise 
to vasoconstrictor impulses reaching the coronary arteries through the 
efferent fibres from the ganglion. In some of his earlier cases Leriche tried a 
procedure similar to that recommended by Daniélopolu but did not find this 
sufficiently effective. Increasing experience convinced him that the dangers 
of removing the stellate ganglion had been grossly exaggerated by Daniélo- 
polu. Leriche then developed his own method consisting of removal of the 
stellate ganglion through an anterior cervical approach. Owing to the limited 
exposure of the structures concerned through a vertical incision between the 
sternal and clavicular portions of the sternocleidomastoid muscle, the pro- 
cedure of Leriche is limited to removal of the inferior cervical and Ist thoracic 
ganglion, the 2nd thoracic ganglion usually being out of reach. In most cases 
the operation is done on the left side only, after preliminary tests with 
novocain infiltration of the ganglion have shown that the attacks are re- 
lieved by blocking the ganglion. 

The operation of Leriche has many advantages. It is technically simple 
and ean be done under local anaesthesia in the sitting position, which greatly 
facilitates the exposure and dissection of the ganglion. The mortality is low; 

Leriche and Fontaine (p. 326") report 27 consecutive cases without a fatality. 
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The chief objection, from the point of view of sensory denervation of the 
heart, is that important afferent pathways through the thoracic cardiac 
nerves are left intact. Probably for this reason the number of cases in which 
there was little or no relief is comparatively high. In the 27 cases reported by 
Leriche, 26 per cent of the patients had complete or nearly complete relief 
from pain, 15 per cent had considerable relief, a further 26 per cent experi- 
enced moderate improvement and the rest were unrelieved. Our own experi- 
ence is limited to 2 of our earliest cases. In the first there was moderate 
improvement after a left-sided stellectomy and the attacks then returned 
with their old intensity with death from coronary occlusion 3 months after 
operation. In the second case the patient is so much relieved 5 years after 
operation that a more extensive operation does not seem necessary. 

In the opinion of Leriche the most important effect of removing the 
stellate ganglion is the elimination of vasomotor reflexes mediated through 
this ganglion, the blocking of afferent impulses passing through this ganglion 
on their way to the spinal cord being a secondary consideration. In our 
opinion the experiences of Leriche lend support to the concept of vaso- 
constrictor reflexes as an important factor in releasing coronary pain. Other- 
wise it would be difficult to explain why as many as 26 per cent of his patients 
were completely or nearly completely relieved of pain in spite of the fact that 
a considerable part of the afferent innervation of the heart was left intact. 
It is a matter for speculation, as to whether the poor results of section of 
the 5 superior thoracic roots are not due to the fact that all vasomotor 
reflexes, in so far as they do not pass the roots in question, are left intact. 
Otherwise one would think that such an extensive section of afferent fibres 
as is obtained by root section would be much more effective in relieving 
coronary pain than a simple one-sided stellectomy. 

It seems probable that the cases most likely to benefit from Leriche’s 
operation are those where the collateral circulation is in comparatively good 
condition and where elimination of a considerable part of the pathways for 
vasoconstrictor reflexes is sufficient to allow an adequate coronary circula- 
tion. On the other hand, it is probable that the procedure of Leriche is likely 
to fail when the coronary circulation is in a more precarious condition. This 
is also the opinion of Leriche himself and he does not expect much benefit 
from operation in cases where even small efforts are sufficient to provoke an 
attack or where the electrocardiogram indicates grave myocardial damage. 

Unfortunately this last group of sufferers from angina pectoris is by far 
the largest, at least among a clientele where appropriate medical treatment 
has failed to give relief and where surgical measures therefore are seriously 
considered. Surgery in this group of cases must aim at a more extensive 
section of the afferent fibres of the heart, and also, as we believe, at a more 
extensive destruction of the pathways for vasoconstrictor impulses to the 
coronary arteries than is accomplished by removing only the stellate 
gar glion. 

Experience with paravertebral alcohol injections has shown that relief 
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from coronary pain can be obtained with great regularity through the ac- 
curate injection of alcohol in the immediate neighbourhood of the 4 upper 
thoracic sympathetic ganglia. This method, first used by Mandl? and 
Swetlow,” has been perfected by J. C. White” and has been used by him in 
a large number of cases. In 67 cases recently reported® complete or nearly 
complete relief was obtained in 52 per cent, improvement in 30.6 per cent 
and failure in 9.5 per cent. In 8 per cent death occurred within 2 weeks after 
the injection. In 18 cases the relief from pain had lasted for 2 years or more. 
These results are impressive and much superior to what can be accomplished 
by stellectomy ad modum Leriche or section of the 5 superior thoracic roots. 

There are some drawbacks to the paravertebral alcohol injection that 
should not be overlooked. It is a technically difficult procedure capable of 
doing great harm if used by surgeons who have not adequately prepared 
themselves for the task and it calls for constant practice. Even in such 
skilled and experienced hands as J. C. White’s there is an appreciable mor- 
tality, depending of course mainly upon the precarious condition of the 
heart in many of these patients. The most important objection, however, is 
the alcohol neuritis which follows and which apparently is a very disturbing 
feature in many Cases. 

It should also be borne in mind that the sympathetic nerves have a tre- 
mendous capacity for regeneration, and recurrencies, should they occur, 
would present a difficult problem, since a second alcohol injection may be 
ineffective and surgical removal of the ganglia more difficult than if the 
operation is performed in a virgin field. For these reasons White and Smith- 
wick prefer excision of the stellate and 3 superior thoracic ganglia whenever 
the patient is an acceptable risk for this procedure. They carried out this 
operation in 7 cases, 4 of which were done through the posterior approach, 
with 2 fatalities within a month. 

For these reasons we decided to give surgical removal of the stellate and 
the 4 superior thoracic ganglia a trial in a series of cases including a con- 
siderable number of severe cases of angina pectoris with advanced coronary 
disease.?!:* Tf the mortality proved to be prohibitive we were prepared to 
desist. On the other hand, if the mortality in a series of cases selected for 
their serious and frequent attacks of coronary pain should prove to be of 
the same order as in paravertebral alcohol injection, i.e., around 8 per cent, 
the superiority of surgical removal of the thoracic ganglia over alcohol in- 
jection would be established. To enable a fair comparison with the results 
of alcohol injection, we felt that the resection should include also the 4th 
thoracic ganglion. 

Although it is technically possible to perform this operation under local 
anaesthesia without pain, we feel that these patients with their precari- 
ously balanced coronary circulation should not be subjected to the psychical 
strain unavoidable in an operation of this magnitude under local anaes- 
thesia. We have therefore used oxygen-ether anaesthesia with intubation, 
which has the additional advantage that a tear in the pleura, should it occur, 
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is of no importance. Our first 19-20 cases were done in the half-sitting posi- 
tion which facilitates the exposure and dissection of the stellate ganglion. 
We soon found, however, that the fall in blood pressure that occurs under 
general anaesthesia in the half-sitting position is badly tolerated in these 
vases. One patient died because of an uncontrollable fall of blood pressure 
and the half-sitting position was therefore abandoned. In all subsequent 
sases the patient was lying flat on his back and frequently with the headend 
of the table slightly lowered whenever there was a tendency for the blood 
pressure to fall. 

The exposure of the stellate ganglion and thoracic sympathetic chain is 
made according to the method described by Gask and Ross,* which gives 
ample room and permits exposure of the thoracic chain as far down as the 
5th thoracic ganglion. In some cases this ganglion too was included in the 
resection, but since experience has shown that whenever the phenomenon 
of “migration of pain” occurs it is always to higher segments and never to 
segments below the 4th, we now think it is superfluous to remove the 5th 
ganglion. The phrenic nerve should be handled with great care as otherwise 
paresis of the diaphragm may result, and as a matter of fact this complica- 
tion does occur even with the greatest care because the anatomical condi- 
tions may be such as to make some trauma of the phrenic nerve unavoidable. 

The most important step in the operation is the exposure and identifi- 
‘ation of the vertebral artery. The intermediate ganglion lies on the anterior 
side of the artery and is intimately connected with the stellate ganglion lying 
immediately behind the artery. 

As soon as the connections between the intermediate and stellate gang- 
lia are cut, the artery becomes movable and can be drawn over medially. 
The stellate ganglion is then fully exposed. We usually inject the ganglion 
with novocain before beginning to dissect it. We are by no means certain 
that this is of any importance, but cases have been described where trauma 
of the stellate ganglion leads to immediate arrest of the heart beat, and we 
therefore think it is safer to inject the ganglion. In addition the injection 
makes the ganglion stand out better and facilitates the dissection. 

In our opinion it is very important to carry out the subsequent dissec- 
tion without or at any rate with a minimum of pull on the stellate and its 
communicating rami. In a considerable number of our earlier cases, where 
this point was not yet appreciated, a painful condition of the arm occurred 
1-2 weeks after operation and became quite annoying in some cases. The 
pain usually remained 1 to 2 months. In one patient, however, there was a 
very severe long-standing pain, with circulatory disturbances and atrophy 
because of inactivity in the arm. Eight months after the cervico-thoracic 
ganglionectomy, section of the posterior root C-8 and the upper part of 'T-1 
had to be performed in this case. This operation gave complete relief of 
pain. Similar conditions are at times seen after removal of the lower part 
of the thoracic ganglionic chain for hypertension or after lumbar gangli- 
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onectomy. We have termed this condition traumatic neuritis and although 
we do not know definitely what is the cause of this complication, we have 
the impression that pulling on the ganglionic chain is the main factor. At 
any rate, greater gentleness in handling the stellate ganglion and sym- 
pathetic chain has greatly reduced the frequency and intensity of traumatic 
neuritis. 

A small tear in the pleura has occurred in 4 cases. Since the patient is in- 
tubated, this is of no importance, unless the tear is overlooked. This hap- 
pened in one of our cases where a tiny rent in the pleura remained unob- 
served. It was probably concealed behind the spatula retracting the lung. 
A few minutes after the wound had been closed the patient suddenly became 
pulseless, the blood pressure fell to zero and death occurred within a few 
minutes. At autopsy a right-sided pneumothorax was detected, the lung 
was completely collapsed, and the heart pushed over to the left side. It is 
important, therefore, carefully to inspect the pleura before closure. As an 
additional safeguard we usually inflate the lung slightly during closure, 
which also prevents the formation of a dead space between the pleura and 
the chest wall. 

An important consideration is the time interval between operations 
when the procedure is to be carried out on both sides. As a rule the left 
side is done first, but occasionally, if the pain is predominantly right-sided, 
the right side is given precedence. It is then best to wait for a few months 
to see if the desired effects are reached. If not, and the pain continues on 
the other side or if migration of pain to this side occurs, then the second 
operation is performed. In those cases in which referred pain is bilateral 
before operation, or the relief is limited to the side operated on, it is tempt- 
ing to do the other side a week or two after the first. This was done in many 
of our earlier cases, but we later found it advisable to postpone the second 
session for at least 2 months. The reason for this is that the first operation 
may be followed by infarction, which gives no symptoms, or at most is 
associated with a temporary rise in blood sugar and increase in sedimenta- 
tion rate. In one of our later cases the first operation was very well borne 
but the second session 2 weeks later was followed by two infarctions, the 
last of which terminated fatally. We therefore think it advisable always to 
let sufficient time elapse for the organization of possible infarctions and 
restoration of the collateral circulation before the second operation is done. 

So far, 71 patients have been subjected to cervico-thoracic ganglionec- 
tomy. They were selected from a series of about 250 patients admitted to 
St. Erik’s Hospital for cardiac pain. Before operation the patients were 
studied at St. Erik’s Hospital, where the postoperative follow-up work 
likewise was done, either during a new admission or as ambulatory patients. 
After operation the patients were seen at intervals varying from 3 to 6 
months. They were all operated upon at the neurosurgical clinic of the Sera- 
fimer Hospital. 
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DIAGNOSTIC CRITERIA 


Typical pain and discomfort, electrocardiographic changes during rest, 
hypoxemia or standardized exercise tolerance tests with typical pain and 
pathological reaction of pulse and blood pressure were used as diagnostic 
criteria. The possibility of an existing diaphragmatic hernia, peptic ulcer or 
disease of the gall-bladder was excluded radiologically. B.M.R. was within 


normal limits. Carotid sinus reaction was controlled and normal. None of 
the patients had anemia. 


HYPOXEMIA AND EXERCISE TOLERANCE TESTS 

Hypoxemia tests were made with 10 per cent oxygen in 90 per cent nitrogen until typical 
anginal pain occurred; otherwise the test was discontinued after 20 min., whereupon the 
patient was made to breathe 100 per cent oxygen for 10-15 min. Electrocardiograms were 
taken before the test, every 5 min. during it, at the time the patient noted the pain, and at the 
end of the test. The 3 standard leads and the precordial lead designated 4R (terminology of 
American Heart Association) were used. The effect upon pulse and blood pressure and the 
oxygen saturation of the blood was determined. It was found that the oxygen unsaturation of 
the blood after a given time varies not only in different patients, but also in the same patient 
on different occasions.'* The determination of the oxygen unsaturation during the test there- 
fore facilitates its evaluation. Levy’s (1941) electrocardiographic criteria’ for a pathological 
test have been used. 

Exercise tolerance was tested with Krogh’s bicycle-ergometer with increasing load and 
simultaneous registration of pulse and electrocardiograms according to Sjéstrand and Wah- 
lund.** The test was interrupted when the patient experienced typical pain. Electrocardio- 
grams were taken before the test, immediately after, as well as 3, 5 and 10 min. later. The 
exercise tolerance of these patients was usually much decreased and they were therefore 
started with a light load (300 kgm./min.). After 6 min. work with this load, with registration 
of the pulse every other minute, the load was increased to 600 kgm./min., if no discomfort or 
pathological pulse reaction occurred. The load was further increased to 900 kgm./min., if no 
pathological reaction occurred on 600. In the estimation of the positivity, attention was paid 
to electrocardiographic changes, occurrence of typical anginal pain and pulse rate. 


SURGICAL MATERIAL 
Of the 71 patients operated upon (Table 1), 54 were males and 17 fe- 
males. The age limits were 36-71 years for the males, 38-70 for the females. 
The average age of the males was 53, of the females 57, and the average age 
of the total number of patients 54 years. 
TABLE 1 


Ages at operation of 71 patients with angina pectoris 


Total number | Males Females 

35-39 years | t 3 1 
10-44“ 7 | 7 

45-49 || “ | 9 | 8 1 
50-54“ | 16 | 10 6 
55-59“ | 13 11 | 2 
60-64“ | 13 9 | 4 
65-69 “ 7 | 4 | 3 
70-74“ 2 | 2 | 
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PAIN 


All patients complained of severe discomfort from pain and a feeling 
of oppression. In the majority of cases the most severe pain was precordial 
or substernal, as a rule with its maximum on the left side. Most patients 
had “referred pain” with painful sensations and feelings of numbness, 
mostly in the left arm, but very often in both arms, radiating to the shoul- 
ders, neck, ears and jaw, more often in the lower than in the upper jaw. In 
one patient the pain was projected only interscapularly and in the left 
shoulder with “referred pain” in the left arm. Four patients had pain in the 
right side only. One patient with situs inversus totalis had pain in the left 
side only before the operation. 

The maximum pain occurred in the arms in 3 cases. One of these patients 
had been in hospital on numerous occasions and had received physical 
therapy for her pains diagnosed as brachial neuralgia. 

Pain was sometimes accompanied by irritation phenomena such as hy- 
peresthesia and hyperalgesia, which persisted for some time after an attack. 
Sweating, flushing and pallor, either locally or in the entire upper part of 
the body, as well as stuffiness of the nose, excessive lacrimal secretion, nau- 
sea, eructation and diarrhea have been observed in connection with the 
attack. 

The precipitating cause of the pain was chiefly exertion, but in a large 
number of patients it also occurred at rest, after meals, in excitement and in 
exposure to wind and cold. Some of the patients had regular nocturnal 
attacks of pain. Six patients had pain and a feeling of oppression in a re- 
cumbent position and were therefore obliged to spend the greater part of 
their time in a half-recumbent or sitting position. 


DURATION OF SYMPTOMS 
The duration of the symptoms varied considerably (Table 2). Some 
patients had a history of only a few months’ pain with sudden onset prob- 
ably after an infarct, whilst others had suffered from a slow progression of 
symptoms for as long as 10 years. In the majority of cases the duration of 
symptoms was less than five years. 


TABLE 2 


Duration of angina pectoris in 71 patients operated wpon 


Total Number | Males | Females 
0-2 years 9 | 7 2 
2-4 14 10 + 
4-6 “ 22 17 5 
6-8 “ 14 1 3 
8-10 “ 8 6 | 2 
10-12 “ 3 Q 1 


12-14 “ 1 1 ate 
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SIGNS 

Three of the male patients suffered from senile diabetes and one from 
gout. 

The blood cholesterol was examined in all cases and was elevated in 83 
per cent with values over 250 mg. per cent (Schoenheimer and Sperry’s 
method”). The blood cholesterol, however, is normally higher in the higher 
age-groups and the average age in this series was 54 years. Arcus senilis 
occurred remarkably often, even in younger patients, and in some cases 
there were xanthelasmas. 

Of the 71 patients, 49 (69 per cent) had hypertension with the blood 
pressure above 160/100 mm. Hg. (Table 3): 33 of the males (61 per cent) 
and 16 of the females (94 per cent). 

Definite myocardial infarction in the previous history, verified in the 
majority of cases by electrocardiogram, was present in 29 patients (41 per 
cent), of whom 23 were males and 6 females—i.e., the percentage in males 
and females was approximately the same. Three patients had two, and two 
patients three infarcts. 


TABLE 3 


Total Cases Males Females 

71) (54) | (17) 

Hypertension above | 49 33 16 
160/100 mm. Hg. at rest (69%) | (61%) (94%) 

Myocardial infarction 29 23 6 
(41%) (43%) (35%) 


PATIENTS WITH CARDIAC FAILURE 


Fifteen patients showed signs of cardiac failure—dyspnea, cyanosis, 
peripheral edema, raised venous pressure, prolonged circulation time or 
liver enlargement. Twelve were males, and 3 females. In 12 patients the 
symptoms were slight, but in 3 males the signs of congestive failure were 
marked, 2 showing liver enlargement. They were treated with digitalis and 
diuretics before operation. One had pulmonary edema 4 times in 3 years 
before the operation. In spite of their badly damaged hearts, operations 
were performed on these patients, since their anginal pain was severe and 
dominating. All these patients survived bilateral operation. They still suffer 
from their cardiac decompensation, but one of them is in an appreciably 
better condition than before operation and almost free from pain. Another 
is invalidised by progressive cardiac decompensation, but free from pain. 
The patient who had suffered from 4 previous attacks of pulmonary edema 
withstood the operation successfully and returned to office-work. After a 
physical strain 9 months after operation he died in his 5th attack of pul- 
monary edema. 
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CARDIAC ENLARGEMENT AND VALVULAR LESIONS 

Roentgenograms showed cardiac enlargement in 32 patients (45 per 
cent): 25 males and 7 females. Of these, 25 patients had hypertension, and in 
8 there was congestive failure (Table 4). 


TABLE 4 


Total Cases Males | Females 
- (71) (54) | (17) 
Congestive heart failure 15 | 12 3 
(21%) (22%) (18%) 
Cardiac enlargement* | 32 25 7 
(demonstrated roentgenologically) (45%) (46%) (41%) 


* Hypertension in 25 and congestive heart failure in 8 of these cases. 


Three of the patients operated upon had aortic valvular disease. Two 
patients with cardio-vascular syphilis were operated upon after cautious 
specific therapy. 

All patients had a regular ground rhythm, in some cases interrupted by 
extrasystoles. 


ELECTROCARDIOGRAMS AT REST AND DURING FUNCTIONAL TESTS 
Klectrocardiograms at rest were pathological, usually with depressed 
T-waves and S-T segments, in 49 patients and normal in 22 (‘Table 5). 
Hypoxemia tests performed on 67 patients were positive in 62. The remain- 
ing 5 patients had a positive exercise tolerance test. Exercise tolerance tests, 
performed in 50 cases, were positive in all. 


TABLE 5 


| 
| | Normal Pathological 
(Negative) (Positive) 
ECG at rest | (71 patients) | 22 49 
Hypoxemia test (67 patients) 5 62 
Exercise tolerance test (50 patients) | - | 50 


Total number of patients 71. 


These patients have a very low exercise tolerance, as shown by ‘Table 6. 

In every case typical pain or pathological pulse reaction occurred. In 47 
patients appreciable electrocardiographic changes appeared simultaneously. 
Patients in whom even slight movements induced anginal pain were not sub- 
jected to the exercise tolerance test. 

All patients who underwent operation thus had both subjective and 
objective symptoms of their disease. The majority must be regarded as 
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severe cases, more or less invalids. Several patients were incapable of any 
work. Medical treatment had given unsatisfactory results in all cases. 
OPERATIONS 

Cervico-thoracic ganglionectomy was performed on 71 patients (‘Table 
7). Altogether 105 operations were performed: 33 left-sided. 4 right-sided, 
and 34 bilateral. 

TABLE 6 


The amount of work in exercise tolerance tests 


Kgm./min. for No. of 
6 min. Patients 
<300 23 
300 21 
600 5 
900 

>900 1 


TABLE 7 


Extensive cervico-thoracie ganglionectomy on 71 patients 


Left side 33 
Right side 4 
Bilateral 34 


Total number of operations 105 


COMPLICATIONS AND SEQUELAE 

Complications of a surgical nature have been discussed in the first 
part of this presentation. 

The most serious medical complication is myocardial infarction during 
or after operation (‘Table 8). This has occurred in 10 cases, in 5 of which it 
led to death. Two of the patients died during the course of the operation, 
one from a fall in blood pressure, and one from cardiac arrest. Three died 
within a month after the operation. The 5 surviving patients showed clinical 


TABLE 8 


The occurrence of myocardial infarction in connection with the operation 


Myocardial infarction 10 patients 
Surviving 5 - 
pain in 1 
no pain in 
Deaths 5 . 


during operation 2 
within 1 month 3 





1 
r 
y 
i 


“ee 


BLS Se dbm, 


Be 


SE meee fae fe ~ Saas Yee mK Gui 





— 


syn 
cou 
tier 
nifi 


usu 
son 
of 

rap 
on 

in | 
evi 
ins 
nos 
sen 
mu 











| 








a 


——s 


——_—-—— 


SURGICAL TREATMENT OF ANGINA PECTORIS 33 


symptoms of myocardial infarction—rise in blood sugar, white blood cell 
count and sedimentation rate, and electrocardiographic changes. These pa- 
tients had very slight subjective symptoms and pain was absent or insig- 
nificant in 4 of them. 

These patients show, as a rule, Horner’s syndrome, which at their age 
usually is not very striking. During the early postoperative period they 
sometimes perspire profusely on the non-operated side or on the lower part 
of the body. The discomforts from this phenomenon as a rule diminish 
rapidly. The operation at first is followed by a rise in the skin temperature 
on the side of operation. This is succeeded by a distinct and measurable fall 
in the temperature below that on the non-operated side. This is especially 
evident on the ulnar fingers. The discomforts from this sequela have been 
insignificant. After operation many patients suffer from stuffiness in the 
nose, in some instances of a rather annoying character. In these cases the 
sensations correspond to a postoperative hyperemia and hyperplasia of the 
mucous membranes of the nose. 

LATE RESULTS 

The postoperative observation period varied between 3 and 26 months 
(Table 9). 

TABLE 9 


Time of observation 


More than 24 months 2 patients 
18 to 24 ‘ 6 ” 
12 to 18 = 29 ” 
6 to 12 - 19 . 
Sto 6. * 9 9 


Lessthan 2 “ 6 “ (dead within 1 month after operation) 


The results of the operation are summarized in Table 10. 


TABLE 10 


Results in 71 cases of intractable angina pectoris treated by 
cervico-thoracic ganglionectomy 


No. Percent 
A. Complete or nearly complete relief from pain 31 43.7 
B. Reduction of severe attacks to a milder form that can be satisfactorily 29 40.8 
controlled by medical treatment 
Migration of pain 17 
The same localization 12 
C. Unsatisfactory results 5 7.0 
Migration of pain 
The same localization 4 
D. Deaths within 1 month after operation 6 8.5 


— 


The operation has given complete or nearly complete relief from pain in 
31 cases (44 per cent), and in 29 (41 per cent) it has converted the severe 
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forms of angina pectoris into milder types that can easily be controlled by 
medical treatment. In 2 of the patients given satisfactory relief from pain, 
myocardial infarction had occurred in connection with the operation. After- 
wards these patients developed discomfort from congestive failure. In 5 
patients (7 per cent) pain has not been satisfactorily relieved. Six patients 
died within one month after the operation, 3 of them during the course of 
the operation. 

An interesting phenomenon is the “migration of pain” which followed 
the operation in 18 patients (25 per cent). After operation on one side pain 
often develops on the other side, or an accentuation occurs on the non- 
operated side of a discomfort to which the patient originally gave very 
little attention. After bilateral operation the pain either disappears or in 
some cases migrates to other areas, particularly to the neck, jaws or temples. 
This pain appears on exertion, may be reproduced in functional tests and is 
then accompanied by electrocardiographic changes. It disappears after 
nitroglycerine. We have no satisfactory interpretation of the “migration of 
pain” phenomenon. For its explanation one might assume a connection be- 
tween the afferent fibres in the superior cardiac nerve and the cranial or 
superior cervical nerves. This pain with a new localization is, as a rule, slight 
in comparison with that experienced pre-operatively. One patient, who was 
relieved from typical pain by the operation, afterwards on exertion and 
emotion had very disabling attacks of pain in the lower jaw, resembling 
toothache. Bilateral tractotomy gave complete relief from pain in this new 
site. The details of this case are presented in the following report. 


Case No. E 380/46. The patient was a 52-year-old man with angina pectoris of 5 years’ 
duration. The pain usually started in the right forearm, became maximal under the middle 
and lower sternum, and was accompanied by a sense of oppression and fear of impending 
death. The attacks were poorly controlled by rest and medical treatment. During the year 
before operation the patient daily took 40—60 tablets of 0.5 mg. nitroglycerine. 

ECG at rest indicated coronary disease with depression of S-T segment in leads I and IT, 
T I of low voltage, T Il diphasic, T IIT negative and T IV positive. 

Typical pain, followed by increased changes in the S-T interval and T-wave, was induced 
in standardized hypoxemia and exercise tolerance tests. 

Bilateral cervico-thoracic ganglionectomy was performed with resection of the stellate and 
4 superior thoracic ganglia. The operation gave complete relief from the anginal pain and 
from the fear of death. 

Postoperatively migration of pain occurred. It gradually developed in the neck and 
chiefly the lower jaw—resembling toothache—radiating to the temples. Before operation the 
patient had never experienced pain in this location. The pain was produced in the same way 
as the earlier anginal attacks and could be reproduced in functional tests with electrocardio- 
graphic changes. It disappeared with nitroglycerine. 

In spite of this new pain the patient felt that he had been very much improved because 
he was free from the extreme anxiety associated with the earlier substernal pain. His ECG 
gradually improved and 8 months after operation it became normal in the 3 standard leads 
and the precordial lead 4R. During the year after the operation the frequency of his attacks of 
new pain increased and forced him to consume considerable amounts of nitroglycerine. 

An attempt to abolish the new pain by the removal of the superior cervical sympathetic 
ganglion was made. By electric stimulation of the ganglion during operation pain in the up- 
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Vy per part of the neck and behind the ear could be elicited. This pain, however, was not identical 
with his new attacks and the removal of the ganglion was ineffective. 

Anaesthesia of the mucous membrane of the lower jaw with a surface anaesthetic, panto- 
cain, as well as after blocking the mandibular nerve with procaine prevented the occurrence 
of pain in the jaw during functional tests. One year after the sympathectomy, bilateral trac- 
totomy was performed. 

The operation produced complete analgesia within the 3rd division of the trigeminal 
nerve on both sides; within the Ist and 2nd divisions there was hypalgesia but not complete 
analgesia. The sense of touch was normal. The angina pectoris pains localized in the jaw com- 
pletely disappeared. Eight months after this operation the patient has had no pain of anginal 
type under physical or psychic strain and he does not need nitroglycerine. 
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POSTOPERATIVE RELIEF AND ELECTROCARDIOGRAM 
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" With the relief of pain after the operation, improvement in the electro- 
" cardiogram has occurred in several cases (Table 11). 
7 
of TABLE 11 
o. Comparison between ECG at rest and functional test before 
ir and after cervico-thoracic sympathectomy 
it : ee - l ; ; 
| Unchanged Improved Deteriorated 
iS ECG | ECG ECG 
d . i. : — ni 
ECG at rest 45 | 4 1 
ge | 
6 (53 patients) | | 
W Hypoxemia test | 17 | 11 | 3 
(31 patients) | | 
Exercise tolerance test | 12 7 | 3 
, (22 patients | 
- patients) | 
lle 
ng n F ; 
wos In 53 cases, electrocardiograms at rest taken before the operation have 





) been compared with repeated ECG taken at least 2 months after the op- 
I, eration. This interval is important in order to avoid the transient electro- 
cardiographic changes sometimes following sympathectomy. At the time 


ed _ of the control ECG the patients were all ambulatory. 

- : Of these, 45 had unchanged ECG. One showed increased electrocardio- 

a graphic signs of coronary insufficiency, but since painful neuritis was 
present, this may account for the deterioration in the ECG. Seven patients 

nd | shad improved ECG at rest. This improvement, which in several cases was 

he considerable, was shown in the S-T segments and the T-waves (Fig. 1). 

ay . . . 

“ One patient, who before the operation constantly showed signs of coronary 

insufficiency in the ECG, had a normal ECG after the operation. 

se | In several cases the functional capacity has been definitely improved 

Gf following the operation, an improvement noted by the patient himself and 

se demonstrated by a comparison between the pre- and postoperative func- 


tional tests. In 31 cases the hypoxemia test before operation was compared 
ie with a similar test after operation. In 13 patients there was definite im- 
provement as regards the time for the occurrence of a discomfort, described 
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Fic. 1. ECG at rest in a 65-year-old man suffering from angina pectoris. Cervico-thoracic gangli- 
onectomy on the left side, including the stellate and upper 4 thoracic ganglia. (1-2) Before operation; 
(3-4) during and immediately after operation; (5) two days, (6) one week, (7) two weeks, and (8) six 
months after operation. There was no change in size of heart or in blood pressure during time of observa- 


tion. In this patient the ECG at rest as well as functional tests show improvement 


nearly complete relief from earlier pain. 


, and operation gave 


as a choking sensation, which replaced the pain. Of these, 11 showed im- 
provement in the ECG taken during the tests. In 22 cases exercise tolerance 
improved in relation to the amount of work tolerated before similar discom- 
fort occurred. Seven of these patients had improved ECG during exercise 


tolerance tests after operation (Fig. 2). 


LATE DEATHS IN SURGICAL CASES 


Six patients (4 males, 2 females) died within 1 year after the operation: 
2 after 9 months, 2 after 6-7 months, and 2 after 4 months. All were under 
‘cause of death was myocardial 
infarction. Three patients had been operated upon bilaterally; 2 of them 
but the third had precordial 
pain. Three patients operated upon on the left side only had dextrolate 


continuous observation. In every case the c 
had no pain in connection with the infarct, 


pain related to the fatal infarct. 


Autopsy showed extensive general arteriosclerosis with severe lesions in 


ral 


5 ER 





RT 


the 
diu 


san 
the 
tie! 


slig 


pee 
wo 
im 


wil 
seg 

























SURGICAL TREATMENT OF ANGINA PECTORIS 37 


the coronary vessels and widespread infarcts of various ages in the myocar- 
dium. 
























































/ “ er . 
In a control material, consisting of patients selected for operation on the 
‘ same grounds as those operated upon, but who for some reason had delayed 
; the operation, the mortality rate was the same as among the operated pa- 
tients. 
4 A number of patients have stated that the operation, though no or only 
slight relief from pain was obtained, nevertheless has brought improvement 
ion 
cial 
alia 
ws («C*d 
li- 
mn Fic. 2. Exercise tolerance tests before and after operation on a 53-year-old man with severe angina 
am pectoris. Operation brought satisfactory relief from pain and rendered him capable of returning to 
a work, after having been incapable of working for 1} years. Above: Pre-operative ECG (1) before, and (3) 
- immediately, (5) 3 min., (7) 5 min., and (9) 10 min. after exercise tolerance test. Below: Corresponding 
ECG before and after test with the same amount of work 3 months after cervico-thoracic sympathectomy 
\ with resection of the stellate ganglion and the upper 4 thoracic ganglia bilaterally. Less change of S-T 
_" ti segment and 'T-waves in leads 1, 2 and 4R during the test after operation. 
— 
n- in that the sensation of fear associated with the pain has diminished or dis- 
se § appeared. 
All patients operated upon, even where the result has been satisfactory, 
y have residual discomfort after the operation, either in the form of less severe 
P pain than before or more commonly as a feeling of oppression or a choking 
n: sensation, brought on by exercise. These symptoms serve the patients as 
er | “warning signals” against overtaxing their hearts. 
ial | 
m SUMMARY 
ial 1. Seven patients were treated by section of the 5 superior dorsal roots. 
ral The results were not gratifying. Most patients had moderate relief from 
; pain, but none of them was completely or permanently free from his dis- 
in 


comfort. The anaesthesia of the 5 upper thoracic segments resulting from 
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the operation, was annoying to the patients and in one case a condition of 
anaesthesia dolorosa developed. The operation must be performed with the 
patient in the prone position, which is badly tolerated by these patients. 

2. ‘Two patients were treated by resection of the stellate ganglion accord- 
ing to Leriche. The operation gave moderate improvement. 

3. Out of a series of 250 patients with cardiac pain, 71 patients were se- 
lected for resection of the stellate and the 4 upper thoracic ganglia. Table 1 
demonstrates the frequency distribution according to age and sex, and 
Table 2 the duration of the pain. In Table 3 the frequency of previous myo- 

-ardial infarction and of hypertension is given, and in Table 4 the frequency 
of congestive heart failure and of cardiac enlargement. Operative indication 
was angina pectoris of severe invalidising character resistant to medical 
treatment. Two cases of cardio-vascular syphilis were included. Typical 
pain and discomforts, electrocardiographic changes during rest, hypoxemia 
and exercise tolerance tests with typical pain, and pathological reaction 
of pulse and blood pressure were used as diagnostic criteria (Tables 5 
and 6). Three patients died during the course of the operation, 2 of them 
probably from myocardial infarction and 1 from valvular pneumothorax. 
In 8 other patients myocardial infarction occurred within 1 month after the 
operation. In 3 of them the infarct was fatal. The most common complica- 
tion was painful neuritis, usually of short duration. Transient phrenic nerve 
paralysis was observed. 

The “migration of pain” phenomenon was observed. In 1 case where the 
anginal pain had migrated to the jaws, bilateral tractotomy gave an ex- 
cellent result. The details of this case are given. 

The results of the extensive cervico-thoracic ganglionectomy were grati- 
fying (Table 10). The operation gave complete or nearly complete relief 
from pain in 44 per cent, and in 41 per cent it converted severe forms of 
angina pectoris into milder types. Improvement in electrocardiograms at 
rest and improved functional tests have been observed in a great number of 
the patients (Table 11). 

The sensation of fear connected with the pain disappeared in many pa- 
tients. On emotion or exercise all patients postoperatively experienced a 

choking sensation or slight pain serving them as a “warning signal.” 
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NE OF the most distressing and laborious experiences in medicine is 
() the care of patients with spinal cord injury. We have had to face the 

difficult problem of caring for large numbers of these patients be- 
vause of the almost miraculous effects of sulfonamides, penicillin, and 
streptomycin. The efficiency of the Army Medical Department, increased 
by placing skilled surgeons near the front lines in battle, and the rapidity 
and ease of evacuation by air of the wounded have added to the scope of 
our problem by increasing the total number of these patients. 

During World War I, fully 80 per cent of the men who received an injury 
to the spinal cord failed to return to this country. However, through the 
rapid strides made in medicine, speedy evacuation of the wounded and the 
persistence of young medical officers who refused to accept the attitude 
expressed by some that these cases were hopeless, today large numbers of 
patients with spinal cord injury have been returned to this country and are 
now living. The total number of cases in Army General Hospitals on V-J 
Day has been estimated at approximately 1200 to 1400.’° This is a challenge 
that cannot be ignored. 

During the past twelve months the care and rehabilitation of these 
patients has advanced more than in the previous three years of War, while 
those three years of the War brought forth more information than the pre- 
ceding thirty years. Thus we may say that our understanding of traumatic 
injuries to the spinal cord has advanced in a geometrical progression. 

HISTORICAL NOTE 

Tracing this line of geometrical progression as described by Courville,! 
we first find mention of the spinal cord about 400 B.C. by Hippocrates. 
Celsus in the Ist Century A.D. and Aretaeus in the 2nd Century A.D. also 
made references to functions of the spinal cord. The earliest known refer- 
ence to traumatic lesions of the spinal cord is found in the Edwin Smith 
surgical papyrus,’ in which six cases of injury to the cervical spine, with the 
characteristic dislocation, displacement, and crushing of the vertebrae, 
were presented. In addition to the gross lesion of the spine itself, paralysis 
of all four extremities, urinary incontinence, priapism and involuntary 


* Separated from the Armed Forces. Now Fellow in Orthopaedic Surgery, The Lahey Clinic, Boston, 
Massachusetts. 
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ejaculation of semen were described. Beyond this unusual surgical document, 
nothing of note on the subject was recorded until Galen, Ist Century A.D., 
conducted experiments on the effects of trauma to the spinal cord. He found, 
for example, that a longitudinal slit in the cord failed to disturb function to 
any serious degree, while transverse section of the cord at various levels 
produced paralysis of the area below the segment. The significance of this 
work of Galen seemed lost on medieval surgeons, who believed the spinal 
cord was comparable to the marrow of any other long bone. Operations for 
fractures of the spine were first advised by Paulus Aegineta in the 7th 
Century, but this suggestion was ignored until several hundred years later 
when Fabricius Hildanus in 1545 again referred to the advisability of sur- 
gery in such cases. However, M. Louis (1774) actually undertook the first 
operation for this condition. It is of historical interest that the surgeons of 
this period were much more concerned with the bony lesion than they were 
with any injury of the spinal cord or of its various nerve roots. 

The matter of gunshot wounds of the spine and spinal cord was brought 
to light during the American Civil War. In the Medical and Surgical History 
of the War of the Rebellion are found reports of 642 such cases of gunshot 
wounds, or 0.25 per cent of the total number of wounds recorded therein. 
The approximate percentage of such spinal cord injuries in World War IT 
was 0.234 per cent.!° 

War is without doubt the largest single contributing factor to the study 
of injuries to the spinal cord. Frazier and Allen® in 1918, in their monograph 
Surgery of the Spine and Spinal Cord, gave a good general survey of the 
effects of spinal cord injury. However, their studies were limited to a much 
smaller number of patients who survived transportation to this country 
from Europe than have been returned to this country from all parts of the 
globe following cessation of hostilities in World War II. After World War 
I, approximately 20 per cent of all patients who had spinal cord injury were 
evacuated to this continent successfully, but only 10 per cent of these sur- 
vived the first year. It is estimated that there is less than 1 per cent now 
living of the group on which studies were made. But modern advances in 
medicine and in transportation have been so great in the years intervening 
between the close of World War I and World War IT, it is of the utmost im- 
portance for those future victims of transverse myelitis, due either to war or 
to peace-time accidents, that every effort be made to erase the ancient and 
medieval concepts, prevalent even today, that these cases are hopeless and 
helpless. One writer has expressed the despairing attitude thus: 

It is a matter of preserving life by constant and meticulous care when life is of little value to 
the patient [italics are author’s] and costly to his relatives. ... And not infrequently some 
surgeon can be persuaded by the importunate family to explore. In such a case the physician 

is relieved of his distressing duty.! 
CARE OF SPINAL CORD INJURIES 

The purpose of this preliminary report is to review the progress in the 

care and rehabilitation of 113 patients with traumatic spinal cord lesions. 
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The total number of patients seen was 132, but 19 were not observed for the 
continuous period of 18 months and hence are not included in the report. 
It is the conviction of the writer, arrived at as a result of his experience in 
dealing with over a hundred cases, that the patient with a traumatic spinal 
cord injury, in the greater majority of cases, is not one to be considered 
hopeless, helpless and incapable of earning a livelihood. In fact, our cases 
have shown most gratifying results. These patients can earn a living and 
become virtually independent. 


TABLE 1 


Statistical summary of spinal cord injuries 


Complete 


Ee a eee eee : : Siete be era lara Srucelevaic ged : . 80 
Anatomical. ....... 8 : : ee cag: Ce 
Physiological. . = a . 18 

Incomplete... . : ; : coilen 33 

Total. . hes as Seg tuned oe ee ve a 113 

Cervical (All cervical vertebrae levels between C-3 to C-7) : 5 oa; 

Upper dorsal (T-1 to 'T-6 vertebral level). . .. 25 

Lower dorsal (‘T-7 to L-1 vertebral level) . se ; 46 

Cauda equina (L-1 to S-4 vertebral levels) ; . 32 

(>. ee ve - Cire as 113 
Injury caused by: A) Shell fragments. ....... . 50 
B) Bullets. . . ; ; . 40 

C) Fractures of vertebra. . : 23 

Mss ceutstataunenird Seven oie ae ‘ ae ° ; F 113 

Laminectomies . 

Suprapubic cystotomies . es 89 

Perineal cystotomies. 3 

a Pewee ee . 92 

Cordotomies. . . . as POT PR re pie . 10 

Sympathectomies Aeratesries ; ; ee 1 

Transurethral resections. Rags 2 

Alcohol injection 3rd sacral root, unilateral. . : y : Pee : i | 

Deaths (pyelonephritis, 3; acute hepatitis, 1). ‘ eee ; ye as + 


The treatment of the patient immediately after injury has been ade- 
quately described by previous writers! and hence needs no repetition here. 
The scope of this paper is to deal with the care of the patient during two 
phases: the bed-ridden phase and the ambulatory phase. 


I. BED-RIDDEN PHASE 


The care of the patient in the bed-ridden phase can be divided into (1) 
sare of the bladder; (2) care of the bowels; (3) care of decubitus ulcers; (4) 
maintenance of nutrition; (5) control of pain; (6) control of spasm; (7) 
physiotherapy. 
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CARE OF SPINAL CORD INJURIES 


1. CARE OF THE BLADDER 


In the patient afflicted with an injury of the spinal cord, retention of 
urine is almost always a constant complication. This complication arises 
within a short time after the initial injury to the spinal cord and is ever 
present until recovery from the injury ensues or until the bladder regains 
some of its function and a so-called “automatic bladder” is established. 
The immediate problem is to relieve the distention so as to prevent reflux 
infection of the bladder, ureters, and kidneys themselves. 

In war-time practice it has been feasible to perform suprapubic cys- 
totomies rather than to use in-dwelling catheters. Many doctors in civilian 
practice have raised the question of the expediency of this procedure. Supra- 
pubic cystotomies were employed in battle casualties rather than in-dwelling 
vatheters primarily because of the constant changes of personnel attending 
these patients as they were evacuated to the rear and finally to this country. 
A suprapubic cystotomy was much more practicable in the transfer of a 
patient from ambulance to plane to boat than the in-dwelling clamped-off 
catheter, which could easily be overlooked. The suprapubic cystotomy is too 
obvious to miss, the personnel handling these patients are soon accustomed 
to looking for it, and the patient is more keenly aware of its presence and 
‘an call attention to it. An in-dwelling catheter would accomplish the same 
result but the opportunities for causing the very thing we wish to avoid 
bladder distention—are immeasurably greater. 

Once the patient arrived at a permanent station, the practice of remov- 
ing the suprapubic tube, inserting a urethral catheter (Foley type) and es- 
tablishing tidal drainage was instituted. Here the definitive treatment may 
be said to begin. 

Of the 118 patients in this series (see Table 1), 89 had suprapubic 
cystotomies performed and 3 had perineal cystotomies. Approximately 90 
per cent of these cystotomies were done at time of exploratory laminec- 
tomies by simply turning the patient over and performing the operation 
without anesthesia since, in all instances, the sensory level was well above 
the site of election for the cystotomy. While caring for these patients over a 
period of 19 months, two major facts became evident to the writer. 

First, the site of election for performing a suprapubic cystotomy changed 
from just above the pubis to a point well up on the dome of the bladder. 
This has been a decided factor in allowing spontaneous healing of the fistula 
following removal of the suprapubic tube. Those cystotomies that were done 
near the pubis failed to close and necessitated closure and surgical revision 
as any other sinus in the body. The cystotomies performed at the dome of 
the bladder almost invariably closed spontaneously within 3 days after re- 
moving the tube and inserting urethral catheter without, tidal drainage. 
They were healed firmly enough in 3 weeks to allow either tidal drainage or 
a trial at automatic voiding. 

Secondly, the perineal cystotomy has proved to be of great hindrance in 
permitting the patient to develop an automatic bladder. It readily allowed 
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kinking of the catheter which was followed by seepage of urine about the 
catheter and damage to decubiti because of undetected wetting of sheets. 
When the perineal cystotomy catheter was removed the fistula failed to 
heal and in each of the 3 cases of perineal cystotomy, plastic surgery had to 
be resorted to with much difficulty. In addition, the patients were forced 
to remain in bed and thus lost much valuable time in their rehabilitation. 


Tidal Drainage 


Following the precepts of Munro," who in 1934 described a method of 
irrigation and development of automatic bladder in such cases, a modified 
form of tidal drainage apparatus was installed on the ward housing these 
patients. The almost immediate drop from temperature elevations so com- 
mon when these patients were previously on manual catheter irrigation was 
stimulating. The apparatus employed was used because of its simplicity in 
construction and maintenance. It also permitted the patient to wash out 
completely his own bladder at frequent intervals by application of clamps on 
the tubing. Patients were encouraged to participate in ambulation and out- 
door activities in wheel-chairs in spite of their being on catheter drainage. 
The simplicity of the arrangement made this possible. Many do not agree 
with the principle of allowing patients with catheters to remain out of 
bed for long periods of time. However, if these patients are to be kept alive 
and well long enough to accomplish results, it is of paramount importance 
that they begin to become ambulatory as early as possible. Consideration, of 
course, must be given to degree of damage to vertebral structures. If union 
of vertebral bodies is sufficient, the patient is allowed up in wheelchair after 
4 months. 

Solutions of boric acid (1:500) alternating weekly with acetic acid (0.5 
per cent) were used. It has been our experience that the acetic acid aided in 
“cutting” the mucus formed around the catheter. A Foley catheter F.18 
was used and changed every 7 days unless encrustations occurred prior to 
that time. Solution M. and Solution G. were found to be too irritating and 
their use was discontinued for routine irrigation. 


TABLE 2 
Development of control of bladder 


, : On Catheter Automatic Normal Total No. 
Vertebral Level of I : ; : 
ertshanl Level of Injury Drainage Bladder Bladder Patients 
Cervical (C-3 to C-7) 1 6 3 10 
Thoracic (‘T-1 to T-6) § 20 Q 25 
Thoracic (T-7 to L-1) Q 38 6 46 
Cauda equina (L-2 to S-4) 0 23 9 32 
Total 6 87 20 113 
Percentage 5.8% 77% 17.7% 94.7%* 


* Percentage of total number of patients without catheter drainage. 
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From Table 2 it can be seen that there is no apparent correlation be- 
tween the site of injury to the spinal cord and the development of auto- 
maticity. The development of a normal bladder control with normal sensa- 
tion can only be explained by the fact that these patients had incomplete 
lesions of spinal cord itself or of the cauda equina. Table 2 also shows the 
value of using tidal drainage on the patient with a spinal cord injury. Some 
urologists feel that tidal drainage is sufficient for irrigation of the bladder 
but not necessary for establishing bladder capacity nor rehabilitation of the 
paralyzed bladder. On the contrary, in our experience with large groups of 
patients, we have found tidal drainage indispensable for the attainment of a 
“social bladder.”’ Without this method we would not have been able to care 
for this large group of patients efficiently. 


Treatment of Urinary Infections 


Repeated urine cultures revealed the following organisms to be present 
most frequently as pure cultures: Aerobacter aerogenes, Escherichia coli, 
and Bacillus proteus in the order given. 

The following organisms were found to be present in combinations most 
frequently: E. colt and A. aerogenes, and EF. coli and Streptococcus non- 
haemolyticus. Penicillin and sulfonamides have been effective in combating 
the gram-positive group but their effects were not of long duration due to 
the persistence of the gram-negative organisms. Combined courses of strep- 
tomycin and penicillin gave good results. Sulfonamides were used as little 
as possible because of the great tolerance developed by these patients in a 
relatively short period of time and because of the danger of damage to the 
hemopoietic system. 

Regime of Therapy 


Penicillin in doses of 20,000 U every 3-4 hours is given for a period of 3-5 
days. Urine cultures are repeated and then a course of streptomycin is given 
in the following manner: 


1. Obtain urine culture for organism. 

2. Test the sensitivity of the organism to streptomycin in the patient’s serum. Twenty 
ec. of blood is sufficient to obtain enough serum. 

3. High doses are given: 200,000 U every 5 hours (1 million U daily). 

4. Obtain urine cultures after the Ist, 2nd and 3rd days of treatment. 

5. Also, on the 3rd day test for blood and urine streptomycin levels taken within 1} hours 
after an injection of streptomycin. At this time one determines if the blood and 
urine levels of streptomycin are high enough to control the organism effectively. 
This level is determined from the sensitivity of the organism to streptomycin, as 
in #2 above. An increase in dosage is indicated if the blood and urine levels of strep- 
tomycin do not parallel the sensitivity level of the organism. 

6. On the 4th and 5th day culture urine. 

7. On the 6th day test for blood and urine streptomycin levels. 

8. On the 9th day test for blood and urine streptomycin levels. 

9. On the 10th day discontinue the streptomycin and take a urine culture. 

10. If the patient is afebrile and symptoms have subsided, repeat urine culture 1 week 

later to ascertain whether or not the urine is sterile. 
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Our experience has shown that during the course of streptomycin ther- 
apy, repeated urine cultures show the reappearance of gram-positive organ- 
isms not sensitive to streptomycin. It was also evident that as long as the 
catheter was in place absolute sterility of the urine for long periods of time 
was not possible. 

In vitro it has been observed that the addition of ? cc. of chloral hydrate 
to a blood agar plate on which the organisms were being cultured cause in- 
hibition of growth of B. proteus organisms which were resistant to strepto- 
mycin.’ This has not been established in vivo. However, it does point to a 
possible means of eliminating these organisms by adding to the irrigating 
solution a calculated amount of chloral hydrate. 

Kidney stone formation was found to be directly proportional to degree 
of ambulation of the patient. 


Kidney stones: 14 patients 
Bladder stones: 29 patients 
Kidney and bladder stones: 3 patients 


The 3 patients with both bladder and kidney stones were strictly con- 
fined to bed at all times due to their general condition. 

‘Transurethral resections were done in 2 cases. One was successful and one 
unsuccessful. One alcohol injection of the 3rd sacral root was performed after 
repeated successful injections with novocaine. The alcohol block was not 
successful, which may have been due to failure actually to reach the motor 
nerve root. 

2. CARE OF BOWELS 


Because of the similarity of nerve supply of the descending colon, rec- 
tum, and sphincters to that of the bladder and its sphincters, paralysis of 
this portion of the gastro-intestinal tract results. Likewise, the principle of 
re-establishing automaticity is similar. We encountered the same condition 
that was present in Munro’s" cases. The internal sphincter is spastic and all 
control of the external sphincter is lost during the stage of spinal shock. 
Spinal shock apparently lasted up to 2 months. A high colonic irrigation was 
given on admission if there were any signs of abdominal distention and a 
history of not emptying the colon for a period of a week or more. This was a 
common occurrence. Following the irrigation a rectal tube was inserted. 
Within a week the stage of spinal shock had usually worn off since the time 
elapsing between injury and arrival at our installation was usually 6 to 8 
weeks. 

Enemata every 3rd day, at least, were necessary until the patient had 
established a “reflex bowel.” Mild laxatives of mineral oil, 30-60 ce., every 
other night were helpful. With careful observation impaction should not 
occur. If it does occur it is best removed by digital manipulation. When the 
patient has been established on the ward and is familiar with the routines. 
he is placed on a bed-pan at regular times in the morning so as to encourage 
the bowel habit. When he has become ambulatory in wheelchair or crutches, 
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he is taught to get on a commode unassisted. The setting of a definite time 
to go to stool in the mornings has aided in gaining a conditioned gastrocolic 
reflex so that by straining with the abdominal and diaphragmatic muscles a 
movement can be produced. Patients are also taught with the aid of a 
suspended enema-can to give themselves small enemata in order to start 
the movement when necessary. 


3. CARE OF DECUBITUS ULCERS 


Undoubtedly the best care of decubiti is prevention. However, with the 
exigencies of transportation, ward personnel, and helplessness of the patient 
in the early stages following the injury, decubitus ulcers can and do de- 
velop. 

The decubitus ulcer is the most common complication of a spinal cord 
injury. Fully 85 per cent of patients received had a history of actual presence 
of a decubitus ulcer. In the patient with skin intact but devoid of its nerve 
supply a decubitus ulcer can develop within 4 hours from constant pressure 
on an area. This is strikingly brought out in the development of decubiti 
over bony prominences such as the sacrum, trochanters, and iliac crests. 

The general treatment of a bed sore, once it has developed, is to provide 
nursing care of the highest degree. These patients must not only be watched 
carefully to prevent a pressure sore from forming but intense active means 
must be taken to prevent its extension and enlargement. The patient must 
be turned every 2 hours from back to side, to opposite side, to abdomen, to 
back. Use of the trapeze bar and Balkan frame is helpful. A Stryker frame 
facilitates care of those patients with sacral decubiti. Extreme care must be 
taken to keep the skin dry at all times. Following bowel movements the 
perineum and sacral area must be thoroughly cleaned and dry. The bed 
and sheets must be kept as free of wrinkles as possible. The patient must 
be lifted in changing position and never dragged. Use of scultetus binders 
to hold dressings is preferable to adhesive tape. Hot water bottles should 
never be allowed to come in contact with the skin whenever there is a loss 
of cutaneous sensation. 

The mattress should be of good quality, inner-spring type. A foam- 
rubber mattress, if available, distributes the weight evenly and is to be pre- 
ferred. Use of sponge-rubber cushions or rubber rings when the patient is 
up in wheelchair is necessary. 

The maintenance of good nutrition is of paramount importance in the 
healing of a decubitus ulcer. Whole blood is the next best adjunct to an 
adequate high-protein diet. In patients with large granulating decubitus 
ulcers parenteral amino acids and Amigen were given in order to reach a 
nitrogen balance. It was noted that this type of patient required more fre- 
quent transfusions to maintain the red cell count and hemoglobin at a satis- 
factory level. 

Local treatment of a decubitus ulcer can be divided into two phases: 
operative and non-operative. 
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(a) Non-operative 


In the non-operative phase, in addition to maintaining a positive nitro- 
gen balance and adequate intake of proteins, we have used penicillin jelly 
and ordinary table sugar applied directly to the bed sore. The ulcer is 
debrided of necrotic fascia and tissue whenever necessary. The wound is 
cleansed and then sprinkled with an even layer of sugar. Then copious 
amounts of penicillin jelly are applied to the area. Well padded dressings 
are then placed over the decubitus and are changed whenever necessary. 
This method has proved expedient in preparing the ulcer for surgical pro- 
cedures to follow. A smooth, clean, even granulating surface is produced that 
lends itself well to the turning of skin flaps and surgical closure. 

Many vehicles for carrying the penicillin were experimented with. It was 
found that sterile lubricating jelly, water soluble, was best able to carry 
the penicillin and to release it for action on the bacterial flora when ap- 
plied to the decubitus. The addition of table sugar has served two theo- 
retical purposes. The sugar may act to serve as a host for parasitic organisms 
present, thus sparing the tissues; or it may, by dissolution into body tissue 
fluids present on the surface of the ulcer, form an acid medium which pre- 
vents bacterial growth. No conclusive experiments were conducted to prove 
this contention, but with this method the larger necrotic decubitus ulcers 
cleared up much more quickly (and in some cases even healed spontaneously ) 
than with dressings of vaselinized gauze, sulfa powders, and ointments. 
Penicillin jelly is prepared by dissolving one ampule of penicillin (100,000 
U) in 20 ce. of distilled water; 4 ce. of this solution are then added to 4 
ounces of sterile lubricating jelly. This will give a water soluble vehicle 
containing 166 U of penicillin per gram. 


(b) Operative 


To accomplish early ambulation and the consequent promotion of good 
state of health, it is necessary that decubitus ulcers be healed as quickly as 
possible. To allow closure by spontaneous healing requires months of watch- 
ful waiting. After the patient has passed through the stages of spinal shock, 
“arly surgical closure of a decubitus ulcer, whenever possible, is felt to be 
the best policy. This is especially true of large sacral ulcers that are a con- 
stant source of loss of nitrogen. Trochanteric ulcers have proved more dif- 
ficult to close, but are likewise a large source of nitrogen loss. It has been the 
practice to prepare an ulcer for surgical closure by maintaining the patient 
in positive nitrogen balance and by bringing the ulcer to a condition of 
healing. That is, there must be no necrotic tissue and the floor of the ulcer 
must be granulating cleanly and evenly. The margin of the ulcer should 
present signs of epithelization. No anesthesia is required since the presence 
of an ulcer almost always means denervation of the tissues. In some cases, 
however, it has been found necessary to administer an anesthetic if the ulcer 
approximates the level of sensory loss in the patient. 
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Closure of the sacral ulcer offers the easiest approach: 

If the ulcer is sufficiently narrow in its transverse diameter, it may be closed successfully 
by raising lateral flaps from the surface of the gluteal fascia and approximating them in the 
midline. If, however, as is usually the case, the transverse diameter is greater than the longi- 
tudinal diameter, a diamond-shaped excision of the ulcer is made and a curvilinear incision is 
made from each inferior angle downward and laterally into the buttock and from the superior 
angle upward into each lumbar region. The four sector flaps thus outlined are raised from the 


surface of the gluteal fasciae, rotated centripetally and thus approximated to cover the de- 
fect. 


Silk technique may be used throughout. Accurate hemostasis is essen- 
tial. Some surgeons have used steel wire, tantalum wire, or chromic catgut 
with cotton for the skin. The results are directly proportioned to the care 
used in hemostasis and choice and location of incision. 

Postoperative care of a patient with a surgical revision of an ulcer is as 
important as the surgery. Pressure dressings of mechanics waste, foam 
rubber, cellulose sponges or fluffed gauze are used. An ace bandage is used 
to keep the dressing in place. Patients are routinely placed on penicillin for 
the following 4 or 5 postoperative days. The use of a Stryker frame with the 
patient kept prone for the first 23} hours postoperatively is advocated. 
Thereafter, the periods of turning may be increased, always keeping the 
patient prone for the greatest length of time; 4 hours prone and } hour su- 
pine have proved satisfactory. Dressing is changed on the 4th or 5th day 
and alternate sutures removed unless otherwise indicated. On the 10th day 
the remaining sutures are removed. Return to regular activity and hospital 
bed can be accomplished in the following 3 weeks. 

In the closure of trochanteric ulcers a more serious problem is presented. 
Some of the smaller ones will lend themselves well to rotation of flaps from 
the thigh or abdomen. However, the limitations are greater in this area due 
to lack of sufficient skin for rotating and due to the protrusion of the 
trochanter. 

The closure of the ischial tuberosity decubitus is the most difficult be- 
‘ause of its proximity to the rectum. A modified method of Erstlander has 
proved successful in only one out of three cases of an ischial tuberosity 
decubitus ulcer. 


4. MAINTENANCE OF NUTRITION 


In order to accomplish the various stages of rehabilitation of the para- 
plegic patient, it is of primary and fundamental importance that maintenance 
of nutrition be considered. Following the onset of the injury anorexia almost 
invariably occurs. This may be a result of the spinal shock, depressant drugs, 
concomitant wounds in other regions of the body and mental depression 
which aggravates the already existing depletion of body tissues. The initial 
weight loss in a paraplegic in 1 month is very striking. As much as 35 to 50 
per cent weight loss has occurred. Our patients were received approximately 
within 3 months from the date of injury, an oceasional one within 3 weeks, 
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and a few 3 months after injury. On admission all patients presented an 
emaciated appearance. The skin was dry and pale, normal tissue turgor was 
absent and, in 86 per cent of the cases, a decubitus ulcer was present. 

The immediate treatment was to obtain an adequate fluid balance by 
forcing fluids per os or parenterally. A 5 per cent solution of glucose and 
Amigen was used for parenteral injection. In most cases 2000 cc. per day 

yas sufficient to bring the patient into fluid balance. In the meantime, the 
patient was impressed with the idiom that “food is medicine” and with the 
necessity of eating all food served to him regardless of his lack of appetite. 
Blood chemistry and cytology were performed within 24 hours of admission. 
Study of these reports revealed the need for transfusions of whole blood or 
plasma. Blood studies were made routinely every month. If the hemoglobin 
was below 80 per cent or the red cell count below 4,000,000, a transfusion of 
whole blood was given. Plasma-protein determination taken at the same 
time helped give an indication as to the state of protein metabolism. A total 
protein level of 6—8 gm. or serum albumin of 3-4 gm. per cent was set as 
normal. Blood chemistries were then repeated weekly until normal red 
blood cell counts, hemoglobin, total protein and serum albumin levels were 
reached. Thereafter, chemistries were performed monthly unless some other 
indication appeared. 

Long before clinical signs of malnutrition develop, the patient is already 
undergoing a depletion of his body stores. By closely regulating the actual 
qualitative and quantitative constituents of the diet early clinical signs of 
malnutrition may be avoided. If the patient is not able to get an adequate 
diet one must be prescribed. The administration of this diet is the crux of the 
problem. In spite of making food attractive, urging the patient and even 
“standing guard” while he eats, it is often necessary to resort to other 
means of feeding the malnourished patient. However, once the patient is 
again in positive nitrogen balance the cycle is often broken and he will con- 
sume an adequate diet without close observation. 

To break the cycle it is often necessary to employ intravenous adminis- 
tration of blood, plasma, concentrated albumin, or amino acids. This, at 
best, can be termed only a temporary expedient. Protestations by the 
patient and also by his blood vessels permit the use of this method for 2 to 
3 weeks at most. Tube feeding, by means of a Levin tube using a liquid diet 
high in protein and caloric values, will often break the cycle rather sharply. 
At this stage in the patient’s care he must be dealt with severely and not 
allowed to “beg off” the feedings. 

During this stage of anorexia the process of reconditioning of the upper 
extremities, physical therapy to the lower extremities and encouragement of 
activity should not be curtailed. These measures may be less intense than 
those prescribed for a patient eating an adequate diet but should not be al- 
together discontinued. With the improvement from administration of a 
high caloric and high protein diet the feeling of well-being is fostered and 
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physical activity will automatically increase proportionately. Continued 
physical activity will maintain the appetite and will prevent the patient 
from slipping back into a state of anorexia with its insidious development 
of negative nitrogen balance and signs of malnutrition. 

In addition, the prevention and adequate care of decubitus ulcers will 
aid greatly in decreasing the nitrogen loss from the granulating wound. 
Eradication of all other sources of infection in the genito-urinary tract and 
elsewhere (draining sinuses, etc.) must accompany the intensive work in 
maintaining nutrition. 

What may be called an adequate diet depends greatly on the patient’s 
condition. It is different for the patient losing large amounts of nitrogen 
from large decubitus ulcers, bedridden and clinically malnourished, than it is 
for one who is in a good state of health, ambulatory and with healed de- 
cubiti. In the former, one may expect the patient to exhibit edema, ascites, 
open decubitus ulcers and low albumin content in the blood. His basic diet 
would consist of the following: 


Total calories: 45 cal./kg. of ideal weight. 
Protein: 4 gm./kg. of ideal weight. 
Carbohydrate: 350 gm. 


Supplemental multivitamin therapy. 
Restriction of salt during the stage of ascites or edema. 


In the latter instance, the patient’s condition is that of a normally 
nourished and active paraplegic participating in the ambulation program. 
His basic diet would consist of the following: 


Total calories: 35 cal./kg. of ideal weight. 
Protein: 1.75 gm./kg. of ideal weight. 
Carbohydrate: 400 gm. 

Supplemental multivitamin therapy. 


The patient whose condition lies in between these two extremes would 
have a diet interpolated between these two examples. 

Anyone having had experience with chronically ill or emaciated indi- 
viduals will be well acquainted with the difficulties encountered in getting a 
patient to ingest 280 grams of protein. Therefore, portions of food are 
weighed accurately and from the portion left uneaten on the tray, one can 
determine how far short the patient has come from the goal prescribed for 
him. This deficit is made up by supplementary feedings of a milk formula 
complemented by eggs, skimmed milk, and powdered milk. This formula 
can be mixed with varying degrees of flavoring extracts to obtain a palatable 
mixture. Other formulae of similar composition can be evolved to give the 
supplementary protein and caloric requirements necessary for the patient’s 
needs. The large quantity of milk has not proved to be an important factor 
in the formation of kidney stones. 
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MILK FORMULA"* 


Food - reg | P | xy | ca | co | Pp | Nl a 
Drycot 185 85 59 22 775 1.850 | 1.498 .740 | 1.480 
Skimmed milk—1 pint 500 25 17.5 | 180 610 480 255 550 
Egg whites—6 150 18. 70 .023 021 255 . 233 
Sugar—1 ulin 15 15 60 
Totals 125 94.5 23 1085 2.483 | 1.999 | 1.250 | 2.263 


* Figures represent amounts per quart of formula. Flavoring is added to each formula. 

+ Powdered skimmed milk may be used instead of Dryco. In such formulae, the fat content wll be 
lower but can be compensated for by the addition of cream. 

t Amount of sugar is varied to taste for individual patient. 


5. MANAGEMENT OF PAIN 


The control of pain in a patient suffering with a spinal cord injury may, 
in some instances, become the most prominent feature of treatment. When 
the pain is severe enough, it may cause anorexia, restlessness, fear of am- 
bulation and complete mental depression. The patient will often refuse to 
make any attempts to rehabilitate himself and will become prone to urinary 
infections, malnutrition, and the development of decubiti. 

The decision of whether to relieve the pain with habit-forming narcotics 
or not then resolves itself into a dilemma. This problem has not been satis- 
factorily solved’ for the patient with an incomplete lesion. In the patient 
with a complete lesion, sectioning of the ventral spinothalamic tracts, or a 
posterior rhizotomy does not involve much risk of causing further insult to 
the spinal cord. In the patient with an incomplete lesion, one hesitates to 
perform any operation of such a destructive nature. 

Of the patients being reviewed in this paper, approximately 22.5 per cent 
complained of painful sensations varying from tingling and burning to 
severe agonizing, knife-like pains. There was no apparent correlation be- 
tween complete or incomplete lesions. 

Division of the ventral spinothalamic tracts was performed in 10 cases 
(Table 3). These patients all had anatomically complete lesions and were 
suffering from severe agonizing pains in the lower extremities which were 
seriously undermining their state of health. The cordotomy was performed 
at 'T-3 and T-4 spinal cord segments in all cases except one. 


Discussion of Table 3 
Case 1 had renal stones and could perceive pain in the kidney region. Cordotomy was, 
therefore, done unilaterally on the side opposite to the kidney involved. 
Case 3 was relieved of all agonizing pain but a burning sensation persisted in the feet. The 
original injury was to the cauda equina and conus medullaris, and the patient was to have a 
lysis of cauda equina. Cordotomy was performed in view of the pain present and that antici- 
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pated after lysis. The patient was 43 years of age and refused to eat unless his pain was con- 
trolled. 

Case 4 received no relief of pain. On admission to this hospital he was already addicted to 
morphine. Pain often was relieved by thiamine chloride if administered promptly every 4 
hours. The question of psychic overlay was never proved. 

Case 5 had a complete gap in spinal cord of 1-2 em. at T-5 and T-6. Repeated cordotomy 
gave no relief from pain but spasm diminished in the lower extremities and abdomen. 

Case 6. The first cordotomy was unsuccessful. Operation was repeated in the same area 
with success. 

Case 7. Following cordotomy motor level rose to T-8 (previously L-1) with complete relief 
from pain. Four months after operation motor power began to return to the original level. 


TABLE : 


Results of spinothalamic tractotomies for severe pain 


\ eve Sensory Leve . ; 
Motor Level ; Motor Level = ew d Level Relief Obtained 
am Level Cordotomy After lo Pain After. , Months 
at Time ‘ : . ‘ : in Approximate 
: Performed Cordotomy Cordotomy in > Postop. 
of Injury ; “ : Per cent 
: in Dermatomes Dermatomes 
L. T-12 T3-T4 Unilateral T-12 T-6 50-60% 10 
2. T-10 T3-T4 Bilateral T-10 T-6 90-100% t 
3. L-1 T3~T4 Bilateral L-1 T-8 50-60% 5 
+. L-1 T3-T4 Bilateral L-1 L-1 No relief 3 
5. T-6 T3~T4 Bilateral T-6 T-6 No relief 8 
T-6 Operation repeated T-6 T-6 No relief 73 
2 weeks later. 
6. L-1 T3~T4 Bilateral T-12 L-1 No relief 6 
Operation repeated T-12 T-7 90-100% 5} 
2 weeks later. 
2 L-1 T3—T4 Bilateral T-8 T-6 90-100% 1 
8. L-1 T3-T4 Bilateral T-8 T-6 90-100% 5 
9. T-9 TS8-T7 Bilateral T-9 T-9 0-10% 15 
10. T-10 T3-T4 Bilateral T-10 T-8 90-100% 10 


Traces of return of function were observed in the quadriceps muscle group. At this writing the 
patient is still free of pain. 

Case 8. Following cordotomy the motor level rose to T-8 (previously L-1) with complete 
relief of pain. The patient was operated upon before cordotomy for a lysis of the cauda equina 
and a cottonoid sponge was removed together with a sterile abscess. Such severe pain de- 
veloped postoperatively that tube feeding became necessary to maintain life and cordotomy 
was, therefore, considered a means of preserving life. 

Case 9. Cordotomy was performed 1 and 2 segments respectively above level of original 
injury at T-9. Pain was not relieved appreciably beyond the estimated 10 per cent. 

In Cases 1, 2, 3, 5, 6, 7, 8, 9 and 10 appetite and the general state of nutrition improved 
markedly both clinically and by laboratory examination of blood levels for protein, hemo- 
globin, ete. All patients showed relief of pain at first, but over a period of 3 months pain 
again returned in those unsuccessful cases, 4, 5 and 9. 


The author attempts to draw no conclusion from the above table regard- 
ing the efficacy of spinothalamic tractotomies. It is, however, his opinion 
that a cordotomy should be the last resort in attempting to relieve pain. The 
patient should be examined often enough preoperatively to determine if any 
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psychic overlay is present and to help make an evaluation of his threshold for 
pain. Furthermore, in those cases of extreme pain with injury to the distal 
end of the spinal cord near the conus or cauda equina, utmost care must be 
taken in performing the operation so that the patient does not become a 
paraplegic with a superimposed lesion in the upper dorsal area of the spinal 
cord, 

Posterior rhizotomy was performed in 6 cases, all complete lesions. The 
posterior roots corresponding to the areas from which the pain emanated 
were sectioned. Relief from pain was immediate. However, pain recurred in 
the same area 4 months postoperatively in one case, and 3 months post- 
operatively in another. The recurrence of pain may have been due to the 
forming of new scar tissue about the severed roots. At operation it was noted 
that the sensory roots were adherent to the spinal cord which was often 
covered with dense arachnoid adhesions. Frequently they were torn or 
buried in fragments of bone spicules. 

The decision to perform a cordotomy in the patient with an incomplete 
lesion should be postponed until everything else has been tried to relieve the 
pain. Intravenous alcohol and glucose infusions after the method employed 
by Mooreand Karp" have helped control the pain. The 5 per cent glucose in- 
fusion of 1000 or 2000 cc. has also aided in maintaining fluid balance and in 
creating a sense of well-being which permitted the patient to eat and rest. 
The sectioning of the sensory roots would be a less damaging procedure than 
cordotomy and should prove effective particularly in those cases where 
pain follows a root distribution. The possibility of formation of new scar 
tissue cannot be entirely obviated and pain may again become a predomi- 
nating complaint. 

The presence of foreign bodies in the cauda equina or substance of the 
spinal cord can cause excruciating pain. Their removal with lysis of the 
~auda equina and the freeing of sensory roots involved has often resulted in 
complete relief of pain. If this fails to control pain a radical cordotomy is 
often necessary (Case 8, Table 3). 

Paravertebral blocks with novocaine were tried on all patients complain- 
ing of pain. Relief of pain in each case was only temporary for a period of 
5 to 10 minutes. It was felt that this relief was of psychic origin only. 

Bilateral sympathectomy was performed on one patient before admission 
to this hospital. The patient states that he has been relieved of the severe 
pain but is still annoyed to a slight degree by radicular-like pain. This 
“pain” is relieved effectively by placebos. No other sympathectomies were 
performed upon the group of patients being discussed in this paper. 

Munro” reports good results from simple decompression and leaving 
the dura open. However, in wounds of such explosive nature as those re- 
ceived in warfare, the question of formation of dense compressive scar 
tissue which may invade the spinal cord and its membranes has prompted 
battlefront neurosurgeons to close all dural defects. 
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In those patients complaining of burning, causalgia-like pain, along with 
their cramp-like pains, nicotinic acid in 50 mgm. doses } hour apart for 3 
doses daily was tried. Relief was indefinite and difficult to evaluate. On the 
whole it was ineffectual in these cases. The abstinence from smoking has 
helped 2 patients in regard to their complaints of dysethesias. When smoking 
was resumed these patients noted an immediate aggravation of their pain 
and burning in the lower extremities. 

In the early stages of recovery from an incomplete traumatic injury to 
the cauda equina, patients frequently complain of severe pain in the lower 
extremities. A differential diagnosis between returning sensory and motor 
function and pain due to scar tissue formation or foreign body is difficult to 
make. In an incomplete lesion with recovery usually there has been evidence 
of returning sensory function which precedes the onset of pain and which is 
continued during the period following the onset of pain. It has been noted 
that the level at which pain originates descends with the descending sensory 
level. If recovery continues to the distal end of the extremity, the pain will 
also appear to “run out” of the extremity. Return of motor function follows 
in 1 or 2 months and is best demonstrated and most often detected by the 
physical therapist who is treating the patient daily. 

It is of some interest that in many patients with an incomplete lesion 
undergoing progressive recovery, pain occurred relatively early (3 to 4 
months after injury). In some complete lesions pain became a prominent 
feature later in the hospital course. 

In almost all cases it was noted that with increased activity, improved 
nutritional state and occupation of the mind with educational and recrea- 
tional activities the complaints of pain decreased. The threshold for toler- 
ance of pain may have been elevated and the patients, except those suffer- 
ing from the more severe types of pain, may have learned to live with and to 
accept their burden of pain. 


6. CONTROL OF SPASM 


The treatment of spasm has resolved itself into the problem of deciding 
to alleviate spasm with or without surgery. Both methods have been em- 
ployed on the group of patients under discussion. 


Non-Surgical Approach 


In the case of those patients with an incomplete lesion or unproved ana- 
tomically complete lesion, it was thought best to follow a conservative 
course. Accordingly, various non-surgical methods of combating spasms 
were attempted. 

(1) Curare. A group of 10 patients with marked flexion spasm and with 
incomplete or unproved anatomically complete lesions of less than 18 
months’ duration were selected. These patients were given increasingly 
large doses of curare from 30 mgm. to 80 mgm. daily. The drug was dis- 
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continued after 8 successive days’ administration by intramuscular injec- 
tions. In 3 cases curare was beneficial in diminishing spasm. However, in 
these 3 cases high doses (80 mgm.) were employed and the patients became 
so physically depressed that there was no desire to participate in daily ac- 
tivities on the ward. These patients could not even be forced to use their 
wheelchairs. There were no toxic symptoms present at any time. To in- 
crease the dose beyond 80 mgm. without constant observation for respira- 
tory paralysis was thought unwise and the drug was therefore discontinued. 
Discontinuance of the drug resulted in immediate recurrence of spasm in the 
3 cases where curare was beneficial in diminishing spasm. 

(2) Prostigmine. This drug was tried on 23 patients with only partial 
relief from spastic contractures. These were cases in which spasm caused 
interference with ambulation only and not with other daily activities. In 
the more severe cases spasm was not relieved to any appreciable degree sub- 
jectively or objectively. Doses of 1.0 mgm. of a 1:4000 solution were given 
twice daily. It was noted that after 10 to 14 days most patients began to 
show evidence of developing a tolerance to the drug. The prostigmine was 
then given 4 times a day and the patients were then given the drug hypo- 
dermically for 2 weeks followed by a rest of 1 week. If the dose was increased 
after 10 to 14 days instead of allowing 1 week’s interval before the next 
series of injections, the patients complained of frequent bowel movements 
which were explosive in nature. 

(3) Bracing and Ambulation. Much has been said controversially on the 
question of whether or not ambulation and bracing of patients have helped 
relieve spasm. It has been the experience with this group of patients that 
ambulation and bracing have not relieved spasm. There was, however, an 
apparent relief that was short lived at best. 

In ambulatory patients with complete lesions, relief was obtained after 
a few minutes of walking. It was noted that this relief from spasm came on 
only after the patient became fatigued in his efforts to walk. If he rested on 
crutches or in a wheelchair his spasm returned with its previous vigor as 
soon as he felt equal to the task of walking again. If the patient persisted in 
his walking until exhausted and was then placed in bed, his spasm returned 
as rapidly as he recovered from fatigue. There was no change in this sequence 
of events even after months of ambulation. 

In patients with incomplete lesions, spasm was relieved by ambulation 
only in those who showed concomitant return of sensory and motor func- 
tion. When these patients persisted in walking after reaching the stage of 
near-exhaustion, the spasm became worse. Over a period of months, how- 
ever, they were able to prolong this period until spasm was practically 
completely relieved. It was felt, therefore, that spasm was not relieved by 
bracing and ambulation alone, but that it was overcome by a combination 
of return of sensory and motor function and by strengthening of the extensor 
group of muscles to such a degree that they antagonized the stronger flexor 
groups of muscles. 
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CARE OF SPINAL CORD INJURIES 
Surgical Approach 


Previous efforts to alleviate spasm in spinal cord injuries have met suc- 
cess through various surgical approaches. The most common and most suc- 
cessful method has been that of anterior rhizotomy. This method is ad- 
mittedly a destructive one and is limited to cases of complete lesions or to 
those in which it may be considered “life saving” in effect. No effort was 
made to consider the etiology of spasm. Scarff and Pool,!®* working on 
this same group of patients, attempted to attack the problem by investigat- 
ing the mechanism causing spasm. Through this approach it was hoped 
that “‘a method for relief of spasm might be devised which would not in- 
volve destruction of spinal roots and interruption of segmented reflex 
arcs.” 

With this in mind an operative program was set up to investigate the 
pathological changes at the site of injury to the cord. Patients were selected 
who showed anatomically complete lesions with no return of function over 
a period of 1 year and with severe incapacitating spasms. Eight such pa- 
tients were operated upon. At this writing it is 7 to 8 months postoper- 
ative. 

In those cases in which anatomical division was proven (5 cases), the 
stumps of the spinal cord were encased in dense sear tissue for a distance of 
1.5 to 2.em. above and below the site of injury. Gross pathological changes of 
degeneration were visible one or two segments beyond the encasement of 
scar tissue. In 1 case there was an area of softening surrounded by thick 
arachnoid adhesions even though the cord was not divided. Laminectomy 
repeated at a lower level on this patient revealed the extension of this 
arachnoiditis to almost the entire length of the spinal cord. 

After exposure of the cord at the site of injury, electrical diagnostic 
studies, similar to those used in stimulating peripheral nerves and cerebral 
cortex for evidences of function, were performed. 

In general, stimulation of nerve roots produced a response equal in 
amplitude to that of external mechanical stimulation. Stimulation of the 
spinal cord below the level of the lesion caused a greater massive reflex 
spasm. Stimulation of the cord above the lesion caused only mild local pain 
and tingling, thus proving the completeness of the lesion. Scarff and Pool also 
discovered the significant fact that electrical stimulation of the dorsal 
columns caused greater reflex activity of abdominal and leg muscles than a 
like stimulus of the ventrolateral columns. 

In all cases the stump of the severed cord or the site of injury was freed of 
adhesions and the sear tissue was excised. Thus, on closure of the dura there 

was no binding scar tissue to produce traction on the spinal cord. 

In 2 cases sectioning of the dorsal columns in the distal stump was per- 
formed at the level at which maximum response was obtained. 

For a period of 3 to 6 months after operation, all 8 patients benefited by 
exploratory laminectomy. The lower extremities could be extended pas- 
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sively with relative ease as compared with the preoperative state, and wheel- 
chair activity was resumed. However, after this latent period all patients, 
with the exception of the 2 upon whom sectioning of the dorsal columns was 
performed, gradually returned to their former state of incapacity. One of the 
2 who had the dorsal columns sectioned retained relative flaccidity in his 
right leg while his left leg returned to its former state of spastic flexion. The 
other developed mild extensor spasm in place of his flexor spasms. These 
changes did not in either case interfere with ambulation in braces or with 
wheelchair activity. In fact it was only after the operation that these 2 
patients were able to get about. The general condition of both improved 
considerably. 

In 2 other patients, in whom spasm recurred 4 months after operation, 
anterior rhizotomies were done to preserve life. Both patients were then 
immediately relieved of all spasm. Their general condition improved within 
1 month after rhizotomy, decubiti of trochanteric areas healed, and they 
became ambulatory. 


7. PHYSICAL TIERAPY AND RECONDITIONING 


This subject is inserted at this point to give added emphasis to the dictum 
established with this group of patients that physiotherapy rightly begins 
from the very day of injury and extends throughout the bed-ridden phase 
and the ambulatory phase. It is as important to the rehabilitation of the 
patient as are the care of the bladder, decubiti, and maintenance of nutrition. 
It is often the physical therapist who actually detects the first sign of return- 
ing function in these patients. In the daily application of active (not passive) 
re-education exercises for the lower extremities, in the unproved anatomi- 
“lly complete lesions, it is the physical therapist who has the best oppor- 
tunity to observe minute changes in motor function. 

Active re-educational exercise is greatly emphasized because it is felt that 
in many muscles or muscle groups what at first appears to be paralysis is due 
to extreme weakness or, as is frequently the case, to the fact that the patient 
has forgotten how to use these groups since the extremity as a whole does not 
function. Through repetition and constant training the patient may be 
taught not only to strengthen any single muscle or muscle group, not per- 
manently paralyzed, but also to learn how to substitute the unaffected 
muscles. Even in the presence of spasticity a patient can be taught to relax 
and contract on command. If this can be accomplished we consider the 
patient to have voluntary contraction of the muscles involved. By constant 
practice the patient can lengthen the period during which he has voluntary 
control of the spastic muscles. This re-educational training aids greatly in 
teaching the patient various gaits on crutches. 

During the bed-ridden stage, physiotherapy treatment consists mainly 
of three phases. First, daily radiant heat of 20 to 30 minutes’ duration is 
applied to the affected extremities. Second, massage is given to those patients 
with edema, contractures and vascular disturbances. It has not been given in 
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vases of spasticity unless the spasticity is accompanied by the above- 
mentioned conditions. The third phase of this treatment during the period of 
confinement is re-educational exercises which are given daily for 30-minute 
periods. Complete muscle evaluation tests are done every 1 or 2 months and 
recorded for future comparison and study. 

While the physical therapist is concerned primarily with the affected 
parts, reconditioning of the unaffected muscles must not be overlooked. De- 
velopment of shoulder girdle, arm, forearm, wrist and finger muscles is 
essential to walking with braces and crutches. Daily vigorous workouts in 
bed with bar bells, chest springs, pulleys and weights, and finger grips not 
only prepare the patient for future ambulation but also aid immeasurably 
in keeping his appetite up to a level for adequate maintenance of nutrition. 
Deaver*® has done much to promote and establish a regime of exercises 
designed to develop normal muscle groups necessary for use in ambulation. 
These groups are the arm flexors and extensors, finger and thumb flexors, 
dorsiflexors of the wrist, and shoulder girdle muscles. 

Physical therapy and reconditioning go hand in hand and must be con- 
stantly applied by both patient and instructor until the patient has become 
ambulatory to such a degree that he may be relied upon to perform his 
exercises himself. 


Il. AMBULATORY PHASE 
1. BRACES 


In the past decade there has been a marked scarcity in available reference 
literature on the subject of braces and orthopedic appliances for paraplegics. 
This is due, partially, to two factors. First, until World War IT there was no 
urgent need for such literature. The incidence of spinal cord injuries in 
civilian life was relatively low as compared to a like period in war time. 
Secondly, modern metallurgical research has produced metal alloys which 
are lighter than steel but of equally strong composition. It is the opinion of 
the writer that a field for active investigation for new developments in braces 
has been opened up. 

In practically all cases the paraplegic does not have a deformity of the 
skeletal make-up of his lower extremities. His difficulties lie within the realm 
of the neuro-muscular system. The braces need not be of weight-bearing 
design. In effect, the prosthesis for a paraplegic must be designed to splint the 
leg so that the knee becomes immobilized in order that the weight be trans- 
mitted through the knee joint in a normal manner. In addition, a stop of 
some sort is necessary to prevent his foot drop from interfering with ambula- 
tion. 

The ambulatory paraplegic who must literally manipulate the “dead 
weight” of his lower extremities by action of his quadratus lumborum, ab- 
dominus recti or shoulder girdle muscles finds braces of primary importance. 


The braces must be as light as possible without loss of strength and dura- 
bility. 
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We have followed the precept of using long walking calipers without a 
pelvic band in those cases in which the quadratus lumborum muscles are 
preserved. The pelvic band has not been found to add appreciably to hip 
stability and, in addition, it prevents the unhampered action of the quad- 





Fic. 1. Comparison of braces. Brace with pelvic band weighs 15 lb. with shoes attached. Brace on 


right with shoes attached and with its mate weighs 7 lb. 2 oz. Patient wearing lighter brace without 
pelvic band is able to ambulate more freely. 


ratus lumborum muscle in ambulation. If hip stability becomes a problem, 
a sacroabdominal belt is used. Girdles of the two-way stretch type have 
proved satisfactory. If the function of the quadratus lumborum has been 
lost, pelvic bands or thoracic cages are necessary even though they add to the 
total weight of the appliance. 

The walking caliper in use with these patients at present is not con- 
sidered to be the perfect brace (Fig. 1). Much remains to be accomplished. 

The caliper is made of a combination of light-weight tool-steel of high quality and dura- 
luminum with a drop-lock at the knee and a drop-foot spring, or permanent stop, if desired. 
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The upper part of the caliper including the drop-lock joint is made from the steel knee brace 
on the prosthesis used for below-knee amputations. The joint, therefore, is a ball-bearing 
joint of great strength and ease of motion. The lock is a fitted ring which drops down to fix 
the joint when in extension. The lower part of the caliper, from approximately 4 inches below 
the knee to the caliper pivots at the heel, is made of duraluminum which is riveted to the steel 
knee joint (duraluminum cannot be welded). This helps decrease the weight markedly with- 
out decreasing the strength of the brace. The brace is held in place by a leather cuff at the 
thigh and calf of the leg. Both cuffs are reenforced with duraluminum bands posteriorly. If 
needed, a strap is riveted onto the brace atthe ankle to hold the calipers firmly in the shoe. 

The weight of this brace without shoe is 2 lb. 9 oz. Each shoe weighs 1 lb. A pair of braces 
with shoes attached would then weigh 7 Ib. 2 0z. Thus a walking caliper of great strength, 
durability, ease of motion through the ball-bearing joint and of light weight was devised using 
readily accessible material and employing a minimum amount of labor for construction. 

We experimented with braces made entirely of duraluminum. The weight of this type of 
caliper is 1 lb. 9 oz. without shoes. A pair of these braces would weigh 5 lb. 2 0z. with shoes 
attached. We found some difficulty at first in making a drop-lock knee joint which would 
allow for the continuity of the duraluminum but which would still be sufficiently strong to 
withstand the stress and strain put on the brace by a man weighing over 150 lb. A drop-lock 
joint with German silver facings was tried without success because in patients weighing over 
150 Ib. the German silver facing wore away. Brass has been suggested as a facing but has not 
as yet been tried. A drop-lock joint of duraluminum has been suggested using three pieces of 
duraluminum riveted together and then planed down to size. No facings would then be neces- 
sary but the question of durability has not as yet been proved. A pair of calipers of this type 
would weigh 5 lb. 2 oz. with shoes. 

The drop-foot brace used in lesions of the cauda equina is of light-weight 14-gauge steel 
wire with a posterior leather cuff strengthened by a duraluminum band at the calf. This brace 
is fastened to the shoe on a pinion through the heel and is detachable from the shoe. Each 
brace weighs 9 oz. without the shoe. 

The advantages of the walking caliper and drop-foot brace which are detachable from the 
shoe are mainly economical. This type allows for interchange of shoes with little or no expense. 
In addition, it is easier for a patient to put on and remove calipers if the shoe and brace can be 
applied independently of each other. 


2. SPECIAL DEVICES 


(1) Fig. 2 illustrates a tendon stretcher for correction of drop foot devised by Lt. Colonel 
R. N. Hatt, M.C., A.U.S.° It is comprised of a plaster of Paris shoe across the sole of which is 
incorporated a length of rubber tubing similar to that used in suction hoses in the operating 
room. The ends of the tubing are fastened to an upright by means of hooks. This upright and 
lower extremity are supported on a Thomas half-ring splint by a stocking sling. Buck’s ex- 
tension of moleskin with a spreader is applied to the leg and is fastened to the distal end of the 
Thomas splint in order to give counter-traction. If the rubber hosing is attached to the up- 
right with the hooks and tension adjusted to bring the foot into neutral position by moving 
the upright forward or backward, the Achilles tendon can be lengthened gradually. Usually 
10 to 14 days of constant traction will suffice to lengthen the tendon. The supporting ap- 
paratus may be removed during the night. The plaster of Paris shoe and the patient’s foot are 
checked daily for proper fitting, edema or for the development of blisters or decubiti. This 
device has been used on 6 patients with good results. 

(2) Pool'? devised an electrical device to initiate automatic walking in paraplegics. This 
consists of a small induction coil imbedded in the subcutaneous tissues, from which wires lead 
to electrodes which are attached to the surface of a desired motor nerve. Electrical impulses 
are transmitted through the nerve by placing a primary induction coil over the external 
surface of the skin. When the current runs through the external or primary coil, an induced 
current is set up in the buried or secondary coil, which can be controlled by altering the 
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voltage through the primary coil or varying the distance of primary coil from the skin surface. 
This induced current is then transmitted to the nerve fibers by the electrodes attached to the 
nerve. The buried coil and wires are insulated by coating with plexiglass. The electrodes con- 
sist of nichrome steel wire. These were inserted into the femoral nerve of one patient with a 
complete lesion at T-10 and an amputation through proximal } of humerus. Electrical stimula- 
tion caused contraction of the quadriceps femoris muscle which could be modified at will by 





Fig. 2. Tendon stretcher. (A) Anterior view, with tubing in place and demonstrating Buck’s ex- 
tension, Thomas splint, and incorporation of tubing in plaster shoe. (B) Lateral view, with rubber tubing 
hooked in place. (C) Lateral view, showing marked foot drop without rubber tubing on stretch. 


removing or approaching the site over the imbedded coil with the primary coil. This was the 
first known application of this principle to a human being. No tissue reaction was noted when 
the coil was removed 5 months later.* Accordingly, a brace was designed which would 
facilitate this action and which would permit automatic recoil of the leg. This proved unsuc- 
cessful and after repeated attempts at ambulation the patient requested removal of the coil. 
This work is mentioned briefly to serve as a possible stimulus for further physiological re- 
search for these patients. 


3. AMBULATION 


The gait that a patient will use in walking depends largely on two factors. 
First, it depends upon the level of his lesion. If the patient has preservation 


* Personal communication. 
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of the quadratus lumborum muscles, he may be successfully taught the 
“Step-Through” (4-point gait), or he may learn the “Swing-To”’ (3-point 
gait). In the event that his lesion is well above the level of the 10th dorsal 
spinal segment he will have no choice in the matter since he will have to use 
the “Swing-To” gait. The second factor in choosing a gait is purely a 
psychological one. The majority of patients discussed in this paper are all 
young men between the ages of 18 and 30 years of age. A few are between 
30 and 43 years of age. All were started in their rehabilitation within 2 or 3 
months after their injury. It has been our experience that those patients who 
are rehabilitated early after injury show a decided preference for the “Step- 
Through” gait. They express the desire that they want to walk as nearly 
normally as possible. On the other hand those whose rehabilitation was 
begun 2 or 3 years after injury stated that their main objective was to “get 
about” by any méthod whatsoever. Because of this psychological factor and 
also because it is the more difficult gait to master, we chose the “Step- 
Through” gait whenever possible. Moreover, since these patients were 
received e nw after injury and recovery was quite possible in cases of in- 
complete lesions, it was thought more advantageous to teach the “Step- 
Through” gait first in the event that recovery did occur. Thus, with the 
progressive recovery of sensory and motor function the patient would not be 
obliged to learn a new gait which would be more suited to his returning 
muscle power. 

The “Swing-To” gait was taught to all patients as a secondary method of 
walking. For those with higher lesions it was the gait of choice. In cases of 
lower dorsal and lumbar lesions it offered another change of pace which 
would be valuable. It is a faster gait but attracts more sympathetic attention 
to the patient's plight. 

The. “Swing-Through” gait (that is, swinging through and beyond the 
crutches) was not taught cj any patient since we found that once the legs 
passed the perpendicular, all sense of balance was lost, the feet deviated out- 
ward and struck the crutch, and the original momentum was the only thing 
that kept the patient from falling. This pace is an extremely fast one and, in 
using it, one may out-distance a normal individual. However, the risk of fall- 
ing is too great. 

When the patient’s braces have been fitted, he is placed in a standard 
walker with crutch supports to acclimate himself to the vertical position and 
to learn the principles of balance. He is shown how small a deviation of the 
neck and shoulders is sufficient to change the balance. He is then brought to 
a walking ramp. Mirrors are used to check posture and to reflect his motion 
as he walks. The ramp is approximately 36 inches wide and the railing is 37 
inches high. It should be wide enough so that the patient must make use of 
his latissimus dorsi muscles in walking and not get into the habit of depend- 
ing entirely upon the arm and forearm muscles. 

The patient starts the four-point or “Step-Through” gait on the ramp by 
moving his right hand forward. He then tightens his left quadratus lum- 
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borum muscle which elevates the hip and allows the left leg to swing freely. 
If the patient still has use of his hip fexors he makes use of these to swing the 
left leg forward. If the hip flexors are paralyzed he causes the leg to swing 
forward by a slight rotation of the trunk. This manoeuvre is repeated with 
the left hand and right leg. Proper use of the quadratus lumborum muscles is 
essential for a smooth-appearing gait. The patient must be watched care- 





Fic. 3. (A) Alternate method of getting from wheelchair to bed. Patient lifts himself, using trapeze 
bar and arm of chair, to sit on edge of bed. He then shifts arm from chair to mattress and pulls himself 
back onto bed. Legs follow. This method is used when there is limitation in flexion of hips. It is likely to 
bruise the sacrum, trochanters and legs. (B) Getting into bed from wheelchair. Legs are placed in bed 
first. Grasping trapeze bar and arm of chair, patient raises himself and swings into bed. This is the 
method of choice since patient is less likely to bruise sacrum, trochanters or legs. 


fully to prevent substituting the shoulder muscles for the quadratus lum- 
borum if the latter is present. This habit, if formed early, is difficult to break 
as the patient becomes eager for progress and will strive to “break his daily 
record” by substituting. 

The patient is taught to turn around on the ramp, and walk backwards 
and sidewards so that when he is ready for crutch-walking he has mastered 
coordination of hands and legs, the principles of balance and the ability to 
move his legs in any direction in the horizontal plane. In the absence of hip 
flexors and good quadratus lumborum muscles all the above can be taught 
by using the shoulder girdle, pectoral and upper extremity muscles as sub- 
stitutes. 

Crutch-walking is essentially the same as walking on the ramp. However, 
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the patient must learn to balance himself in this more mobile state. The 





le patient has been given crutch exercises long before he is allowed to use them. 
8 These exercises consist of learning to move crutches in the proper are from 
h rear to front rather than with a sidesweep, learning how to catch himself by 
is 
= 
ROOM 7134 
CZ 
self 
y to 
bed 
the 
m- | Fic. 4. Procedure for getting into automobile. Patient locks knee of brace nearest to car. (Other brace 
okt «38 may be locked but is not necessary.) One hand is placed on seat, the other on arm of wheelchair. (Chair 
: must be steadied either by blocks or crutches inserted through spokes.) Using locked brace as a pivot, 
ily patient swings up and around to lean against seat of car. Hand may then be moved from wheelchair to 
door jam as patient pulls himself back onto seat of car. Getting out of car is the reverse of getting in. 
rds 
red throwing his crutches ahead and behind his weight, how to balance with one 
g 
to crutch and the proper way to hold and use crutches. 
hip 7 The “Swing-To” gait is taught in the same manner on the ramp and then 
wht | the patient is given crutches. In addition, exercises on parallel bars are given 
ub- to strengthen the arms for swinging the body. When on crutches the patient 
is closely followed by an attendant until he has gained confidence. The 


“Swing-To” gait consists of virtually raising oneself by bearing down on 
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hands with the forearm muscles to clear the feet from the floor and then by 
continued bearing down, dragging the body up to the crutches. The crutches 
are then placed ahead of the patient and the manoeuvre repeated. Deaver! 
advocates the “Swing-Through” gait as being the gait of choice, but we have 
found it unsafe on highly polished floors and, therefore, have not used it with 
this group of patients. 

When the patient has become proficient with his crutches he is given an 
achievement test against time. While he has been preparing himself for 








Kia. 5. (A) One crutch used in stair climbing. Patient is taught to use crutch under either arm with 
rail on opposite side. ‘The foot to go up first and the foot to come down first must be on the side of the 
rail. In climbing stairs, the crutch remains on lower step. In descending stairs, the crutch goes down first. 
(B) Stair climbing with 2 long leg calipers. Patient starts at left side of stairs, feet together, hands grasp- 
ing rails. Right leg is swung diagonally up to next step. Patient pulls himself up onto right leg allowing 
left leg to follow. He then moves to left side of stairs and repeats manoeuvre on next step. (C) Descending 
stairs with 2 long leg calipers. Patients starts at right side of stairs, feet together, hands grasping rails 
at level of next step. Right foot should be placed so that ball of foot and forward edge of heel are beyond 
edge of step. Left leg is swung diagonally down to left side of lower step. Right leg follows. If patient has 
difficulty getting right foot down off step, he turns body toward left rail so that hip flexors and gravity 
may help. 


ambulation he has also been taught while in the wheelchair stage to dress and 
undress, to get in and out of bed into wheelchairs (Fig. 3), to enter and leave 
a tub from a wheelchair, to get on and off a commode from a wheelchair, to 
get in and out of common chairs, and in and out of a car from a wheelchair 
(Fig. 4). He is also taught other common every-day activities. When he has 
reached the stage of crutch-walking he is taught how to do these same things 
from crutches in addition to walking up and down stairs (Fig. 5), curbs, 
walking forward, backward and sidewards, opening and passing through 
doors, closing them behind him, getting up off floor, changing gaits and 
applying his appliances. His time of performing these various acts is recorded 
and is then checked regularly for improvement. 
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After he has shown improvement, the patient is interviewed with the 
idea of obtaining his educational, social, and vocational background. With 
these records and his medical history, the patient is approached as to his 
desires for a future occupation. This subject is taken up collectively with the 
patient and the various departments (Occupational Therapy, Physical 
Therapy, Reconditioning, Clinical Psychologist, ete.) that have worked with 
him. Vocations and positions are obtained after consultation with the 


TABLE 4 


Patients Ambulatory 


Anatomically lea let Total No. Total No. 

Vertebral Level of Injury Complete I 7 Patients Patients 

Lesions* — Ambulatory in Series 
Cervical (C-3 to C-7) 0 5 5 10 
Thoracic (T-1 to T-6) 17 4 21 25 
Thoracic (‘T-7 to L-1) 22 18 40 46 
Cauda equina (L-2 to S-4) 9 Q2 31 32 
Totals 48 49 97 113 

Percentages 77.4% 96% 84%t 


* This group includes those cases inwhich the cord was seen to be completely transected at opera- 
tion. There were 62 cases in the entire series. 

} This group includes all cases of incompletely transected cords, contusions, and normal-appearing 
cords with apparent physiological interruption. There were 51 cases in the entire series. 

{ Percentage of total number of patients ambulatory. 


patient and an explanation of his handicaps and the probable extent of 
recovery are made known to him. Thus, with the patient ambulatory and 
with a goal to strive for he is very often spurred on to add to his independ- 
ence and self respect. 


SUMMARY AND CONCLUSION 


1. A preliminary report on the care and rehabilitation of 113 patients 
with traumatic transverse myelitis has been presented. Historical data were 
cited to show that this type of injury was not unknown to practitioners of 
medicine even in the days of Hippocrates. 

2. A system of care that has proved effective in this group of patients 
was reviewed. The discussion of this system was divided into two phases: 
the bed-ridden phase and the ambulatory phase. Various procedures ap- 
plicable to the paraplegic patient were described. Some of these procedures 
were successful and others were unsuccessful. Many principles of treatment 
mentioned were not original, but their application to the patient suffering 
with transverse myelitis was felt to be a new and progressive step towards the 
goal of an independent and self-supporting existence for these patients. 

3. A few tables of statistics and results of treatment were compiled in an 
effort to point out that the treatment and outlook for these patients is not 
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hopeless. It has been found that, if given sufficient opportunity, the para- 
plegic patient will respond with gratifying results. 


4. It is the writer’s hope that in the realization of the possibilities attain- 


able in the treatment of these patients, past pessimism will be eradicated. 
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OBSERVATIONS ON THE USE OF TANTALUM FOIL 
IN PERIPHERAL NERVE SURGERY* 


NATHAN CROSBY NORCROSS, M.D.,+ ann JOHN T. BAKODY, M.D.t¢ 
(Received for publication December 12, 1946) 


ECAUSE the metal tantalum was found to be biologically inert,! and 

could be rolled into a thin foil, it was chosen as an ideal material to 

wrap as a cuff about a nerve suture site. It was advocated by Spur- 
ling.’* who emphasized the undesirable role played by extrinsic scar at the 
site of nerve sutures. He believed that fixation and scarring of the repaired 
nerve could be reduced to a minimum by the judicious use of tantalum foil 
as a protective sheath. White and Hamlin® found that unannealed tantalum 
foil tended to break up considerably and felt that annealed foil was more 
desirable when foil was used to protect the line of anastomosis. They also 
used it in wrapping the end of a severed nerve, hoping thereby to prevent 
neuroma formation. Cuffs of tantalum foil have been used to wrap the 
severed sympathetic trunks in cases of sympathectomy, with the hope that 
regeneration of the sympathetic fibres would be prevented thereby. 

We are reporting the findings in 20 cases of peripheral nerve suture and 
lysis in which unannealed tantalum foil cuffs were used and subsequently 
removed and the surgical pathology observed and recorded. The foil was 
removed after periods varying from 6 weeks to 6 months. 

We employed cuffs of #101 unannealed tantalum foil, of sufficient length 
to extend approximately 1 inch above and below the suture site. The foil 
was sterilized while wrapped around a glass tube and was thus already curled 
when used. The cuff was made by wrapping the foil around the nerve with a 
small amount of overlap; the foil was then secured with 2 ties of 00 plain 
catgut. 

On the basis of our observations, the use of tantalum foil cuffs presents 
the following advantages: 


(a) Insulation of the suture site so that extraneous tissue is prevented 
from entering the site of junction. If the foil does not fragment, the 
suture site is protected. 

(b) Prevention of fixation of the suture site, but see (a) below. 

(c) Prevention of escape of regenerating axons at the suture site. 

(d) Making the secondary operation easier through prevention of fixa- 
tion of the suture site and easy accessibility of that site. 

* This article has been released for publication by the Division of Publications, Bureau of Medicine 
and Surgery, United States Navy. The opinions and views set forth are those of the authors and are not 
to be construed as reflecting the policies of the Navy Department. 

+ Released from active duty, United States Navy, on December 15, 1945. Now at 400-29th St., 
Oakland 9, California. 

t Released from active duty, United States Navy, on March 15, 1946. Now at 1304-46th St., Des 


Moines, Iowa. 
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Unfortunately, the following disadvantages were encountered: 


(a) Searring at upper and lower limits of the cuff. This is extraneural and 
involves the epineurium to act as a constricting ring. 

(b) Fragmentation of the foil with intense extraneural scarring and 
adherence of the foil particles to the epineurium. 

(c) Attenuation of the epineurium in the portion of the nerve just beyond 
the confines of the cuff, making suture difficult if resection of that 
portion of the nerve protected by the cuff is deemed necessary. 
(We do not understand the mechanism of this finding, but have 
encountered it repeatedly.) 

(d) Gradual contraction of the fibrous envelope about the cuff, causing 
progressive constriction of the nerve. 


The following excerpts were taken from the operative protocols: 

(1) Could not remove foil without sacrificing the nerve. 

(2) The tantalum cuff was densely incorporated into a fibrous sheath which was con- 
stricting the nerve at the two points where black silk sutures* had been passed about the cuff 
to secure it. At these points, the foil was scarred into the nerve substance; elsewhere, the 
underlying nerve was intact. 

(3) Band adhesions at the proximal and distal ends of the cuff. 

(4) Constricting bands at each end of the cuff. Peroneal division had foil adherent to the 
nerve throughout, which had to be dissected piecemeal from the nerve. 

(5) Tantalum cuff was wrinkled and tightly adherent to the nerve. 

(6) Nerve had adhered to the tantalum foil in many places. The foil had to be removed 
piecemeal. Circular bands of scarring at the proximal and distal ends of the foil. 

(7) The median nerve was exposed and a cuff of tantalum foil dissected free from the sur- 
rounding scar tissue to which it was adherent. The foil cuff was wrinkled but intact, and after 
removal an internal and external capsule could be demonstrated. While the foil had protected 
the nerve from the external scar tissue, the tantalum cuff was itself adherent to the external 
scar tissue. 

(8) The position of the nerve which had been covered with a cuff of tantalum foil was 
enclosed in a fibrous capsule, densely adherent to the foil, and loosely adherent to the adnexal 
tissue. The tantalum foil was brittle and fragmented upon manipulation. Dense fibrous bands 
were dissected free from the upper and lower limits of the foil. Several transverse constricting 
bands were incised. The tantalum foil in this case constituted a definite disability to the 
nerve. Constriction between nerve and cuff could be demonstrated. 

(9) The tantalum foil was enclosed in fibrous capsule and was constricting the nerve. 
There was considerable fibrosis at the upper and lower limits of the cuff. 

(10) The cuff of tantalum foil was found intact and surrounded by dense scar which was 
constricting the nerve at both ends of the cuff. 

(11) The entire area of the sutured peroneal nerve surrounded by tantalum foil was so 
scarred and the foil so intimately incorporated with the nerve that the entire area had to be 
resected en bloc and a fresh end-to-end anastomosis carried out. 


The story is bad enough, but not wholly so. In many cases, especially in 
those where the foil had been removed early, the suture site was found to 
have been excellently protected, and the anastomosis grossly desirable. In 
most instances the foil did insulate the suture site and prevent the ingrowth 


* This tantalum cuff had been applied elsewhere. It was not our technique to use silk sutures in 
securing these cuffs, but fine catgut. 
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of fibrous tissue into the junction. The constant undesirable features were 
the presence of the adhesive constricting fibrous bands at the cuff margins, 
and the progressive strangulating effect of the fibrous capsule about the cuff. 
Pathological study of this tissue showed it to be composed of mature fibrous 
tissue without any foreign body giant cells. 


DISCUSSION 


Our experience in the use of unannealed tantalum foil as a cuff to protect 
the site of neurolysis for nerve suture has not been a happy one. We have had 
occasion to reoperate in some 20 cases in which tantalum foil was left about 
a nerve for periods varying from 6 weeks to 6 months. 

We found that, in areas close to joints, or where motion of the tissues was 
considerable, the foil would fragment and actually increase extraneural 
scarring. In the cases that have been under our observation, and are reported 
above, we found that scarring was always encountered at the upper and 
lower limits of the cuff, involving the nerve with a circular, constricting, 
adhesive band. In many cases, the foil became adherent to the underlying 
nerve and could be separated from it only by sharp dissection and with 
considerable difficulty. Adherence of the cuff to the adnexal tissue was com- 
monly found. The fragmentation which we found has not been found by 
Weiss,’ who used annealed tantalum foil. We have not had any experience 
with the use of the annealed foil, but do not see how the annealing itself 
would change the foil sufficiently to prevent the formation of the scars at 
either end of the cuff. It may be a satisfactory answer to the prevention of 
fragmentation of the cuff. We believe that the changes we found are mechani- 

‘al in nature and are due to fragmentation of the unannealed foil and the 
motion of the parts concerned along the edge of the cuff, since it is well 
known that tantalum buried in tissue has been demonstrated to be biologi- 
cally inert. 

CONCLUSION 
We believe that the use of unannealed tantalum foil in peripheral nerve 
surgery should be confined to those cases in which secondary suture is to be 
performed and that, in such cases, it should not be left in place for more than 
6 weeks. In view of reports mentioned above, we think that it would be 
preferable to use the annealed foil. 
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CASE REPORTS AND TECHNICAL NOTES 


CEREBRAL SCHISTOSOMIASIS 


REPORT OF A CASE WITH SURGICAL REMOVAL OF AN INTRACEREBRAL MASS 
OF SCHISTOSOMAL OVA* 


I. Josuua SpeiGer, M.D.+ 
Department of Neurology and Neurological Surgery, University of Illinois College of 
Medicine, and The Illinois Neuropsychiatric Institute, Chicago, Illinois 


(Received for publication September 19, 1946) 


The presence of American troops in the islands in the southwest Pacific and in Japan, 
Formosa, the Celebes and Burma has focussed a good deal of attention on the problem of 
fluke infestations in humans. A large number of such infestations have been encountered and 
will doubtless continue to be encountered in our forces. In the case that is to be reported in 
this communication, a mass of schistosomal ova was found, surgically, in the brain. In view of 
the frequency of human infestation with schistosomes and the relative infrequency of the 
cerebral complication, this case is herewith presented for analysis. 


REPORT OF CASE 


J.J.F., a 22-year-old white male soldier with no significant past or family history, first 
landed on Leyte in the Philippine Islands sometime in November 1943. The area in which he 
was stationed was later discovered to be a source of schistosome infection. Two men in his 
company were evacuated to the rear echelons 2 months later with a diagnosis of schistosomal 
dysentery. He, himself, was perfectly well, without any clinical evidence of early schisto- 
somiasis until Mar. 27, 1945 when he suddenly had a severe grand mal seizure, observed by a 
medical officer. He felt perfectly well after this, until the next day when he suddenly began to 
complain of a bizarre taste in his mouth. This lasted only a few moments and was followed 
again by a severe grand mal seizure. Immediately after this seizure he had a severe generalized 
persistent headache, radiating into the cervical region. At the same time he noted the onset of 
diplopia and began to fall to the right when walking. This unsteadiness rapidly became so 
severe that walking was impossible. Three weeks after the first seizure, he began to notice 
slurring of his speech. On May 16, 1945 he was admitted to the Mayo General Hospital. 

Examination revealed bilateral papilledema, measuring 3 D. in the right eye and 1 D. in 
the left. He had alternating convergent strabismus due to bilateral external rectus paresis and 
causing homonymous diplopia, bilateral corneal anesthesia, anisocoria (left greater than the 
right), bilateral enlargement of the blind spots and faint horizontal nystagmus in extreme 
lateral gaze to the left. The other pertinent findings were mental dullness, positive Romberg 
sign with falling to the right, mild intention tremor in both upper extremities, adiadokokinesia 
in the left upper extremity, patchy sensory loss of the entire left side of the body and bilater- 
ally positive Babinski signs. The remainder of the clinical examination was negative except 
for the fact that the patient was somewhat confused and disoriented. 

X-ray examination of the chest was negative. X-ray films of the skull revealed sharpening 
and erosion of both anterior clinoids, most marked on the right with some reduction in size of 
the latter. Electroencephalogram revealed, on a low voltage fast background, much 2 to 6 
per second activity of moderate voltage in all leads. The right mid and posterior temporal 
leads showed higher voltage than the left. The most marked difference was noted in the 
anterior temporal leads, the right showing baseline sway and 1 to 3 per second waves and the 
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left showing high voltage 2 to 4 per second waves (Fig. 1). Bipolar leads showed no definite 
phase reversal. This pointed to a lesion deep in the temporal region. 

Operation. On May 23, 1945 a ventriculogram was performed, revealing a shift of the en- 
tire ventricular system to the left, most marked anteriorly (Fig. 2). Accordingly, a large right 
frontotemporal osteoplastic craniotomy was performed exposing the dura, which was normal 
in appearance but under markedly increased pressure. A portion of the temporal bone at the 
hinge of the flap was rongeured away to leave a subtemporal decompression. On opening the 
dura, the cortex appeared pale and flattened with the characteristic appearance of cortex 
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Fic. 1. Electroencephalogram. Note the difference in the anterior temporal leads. 


overlying tumor. At a depth of 1.5 em. below the surface of the cortex, a greenish-pink mass 
about the size of a peanut was exposed and was easily shelled out. Frozen section revealed 
many characteristics of a granuloma on a parasitic basis. In view of this the entire area, con- 
sisting of many such masses varying in size from that of a wheat seed to that of a walnut, and 
totaling about the size of a tangerine orange, was resected by shelling out some portions and 
aspirating others. Careful examination of the cavity thus produced revealed no gross evidence 
of further involvement and the wound was closed in the usual manner without drainage. 

Course. The patient made an uneventful recovery. Immediately following operation, there 
was a complete left hemiplegia. In 3 weeks he was able to walk perfectly well and in 6 weeks 
could use the entire left upper extremity quite well except for some clumsiness and “‘stiffness”’ 
of the fingers. Six weeks following operation 50 cc. of fuadin were administered intramuscu- 
larly in doses of 5 ec. every other day. At the present time (4 months postoperative), there is 
no diplopia and no papilledema. The blind spots are normal in size. There is no swaying in 
the Romberg position. The deep reflexes are hyperactive throughout and there is a positive 
Babinski on the left side. There have been 3 grand mal seizures. 

Following operation stool examinations revealed the presence of schistosomal ova. The 
white blood count was 10,200 and there were 3 per cent eosinophiles. There were no ova in 
repeated urine specimens. Before operation the white blood count was 11,100 and there were 9 
per cent eosinophiles. Cerebrospinal fluid from the ventricles showed 15 mgm. total protein 
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per 100 cc., 93 mgm. sugar per 100 ce., 2 polymorphonuclear leucocytes and 8 lymphocytes 
per c.mm. 


Pathological Examination.—Gross. The tissue was found to be hard, almost of the con- 


sistency of cartilage. The cut surfaces of each mass were studded with many tiny abscesses, 
each with a soft necrotic center and a glistening, very firm, translucent, thin border. Direct 
scraping of the tissue revealed parasitic ova (Fig. 3), most of them swollen and measuring up 
to 100u in diameter. The parasites in the histological sections showed much more detail than 


in the scrapings (Fig. 3). They revealed a clumped and folded outer shell and their interior 





Fic. 2. Ventriculogram showing the antero-posterior and postero-anterior views. Note the shift of 
the entire ventricular system to the left. 


was seen to be filled with a pale mass of cytoplasm containing blue, round bodies, apparently 
gonadal structures, and occasionally a small mass of brown pigment. 

Microscopic. On a connective-tissue background somewhat resembling Wharton’s jelly, 
there were many geographical areas of necrosis, which had appeared as tiny abscesses grossly 
(Figs. 4 and 5). Surrounding the dense central mass of cellular debris undergoing coagulation 
necrosis was a broad band of epithelioid cells or macrophages and rare giant cells occasionally 
associated with ova. Thoroughly infiltrating the general connective-tissue background were 
large numbers of lymphocytes, plasma cells, macrophages and occasional polymorphonuclear 
leucocytes and eosinophiles, the dominant cells being the plasma cells. Lying in the necrotic 
center and at the junction between the center and the epithelioid border were many ova, some 
of which had become completely necrotic and were represented only by the distorted shell 
filled with phagocytic cells. 

Occasionally in the necrotic center, commonly in the epithelioid border and frequently in 
the diffuse scar tissue away from the granulomatous structures, small tubercles were seen 
surrounding individual parasites. These tubercles consisted of a mass of macrophages ar- 
ranged in approximately 5 to 10 layers radiating outward from the central parasite, this 
structure being identical with the more commonly seen schistosomal pseudo-tubercles charac- 
teristic of the liver reaction to these ova. 
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ytes  —f The centers of the necrotic areas showed the ghosts of intensely infiltrated and thrombosed 
blood vessels. The same reaction was seen in the diffuse scar tissue and consisted of a dense 
‘on- infiltration of the entire vessel wall by inflammatory cells, among which the plasma cells were 
ses, | predominant. It was not possible to ascertain throughout the specimen the exact nature of all 
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lly, | Fic. 3. Artist’s sketch of the ova as seen (A) in direct scrapings and (B) in histological 
sly : sections of the pathological specimen. 
ion 
uly these blood vessels, but in general it appeared that the arteries had been completely spared, 
ee and the veins were involved. 
yond In the adjoining brain the sulci were seen to be filled with plasma cells, lymphocytes and 
ane edema fluid. The cortex revealed considerable astrocytic proliferation with myelin degenera- 
tion and the production of gitter cells. 
ell The appearance of the ova clearly placed them in the fluke family. Since the ova were not 
<— operculated and since gonadal structures were visible, they belonged to the schistosome 
- species. The lack of visible spurs in the scraped preparation made S. japonicum the most 
we likely infecting organism.* 
ar- 
his 
ac- * Lent C. Johnson, Major, M.C., Chief of Laboratory Service at the Mayo General Hospital, pre- 
pared and described the laboratory specimens. 
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DISCUSSION 
The details of the life history of the schistosomes and clinical manifestations of schisto- 
somiasis are well known. They are described in all the standard text books®:'*.*4 and need no 
elaboration here. However, the highlights of the parasite’s life history and non-neurological 
clinical manifestations need to be mentioned in order to facilitate an understanding of the 
ensuing discussion. 
Briefly, the adult parasites of the fluke family, of which the schistosome species is a mem- 
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Fic. 4. Low power magnification of the specimen showing the tubercle-like formations. 


ber, are tiny flat worms, all of which are hermaphroditic with the exception of the schistosome 
species. The male schistosomes are shorter and thicker than the females. The sides of the 
posterior part of the body curl ventrally to form a groove in which the female worm is enclosed 
during most of her life. The female deposits the eggs in the small venules of the intestinal 
wall. Some of these eggs gradually are extruded into the lumen of the gut and are discharged 
in the feces. The eggs hatch within a few hours liberating a ciliated free-swimming larva 
known as a miracidium. This miracidium invades the soft tissue of a molluse and undergoes 
asexual multiplication into free-swimming, fork-tailed cercariae which emerge from the snail 
over a period of months. On contact with the skin or mucous membranes of man, they drop 
their tails rapidly, penetrate the tissues and enter the venous circulation. The young worms 
after passing through the lung and heart mature, pair off in the portal circulation, and then 
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proceed against the blood stream to small branches of the mesenteric veins where they settle 
down, copulate and produce ova. Four to six weeks following infection, ova appear in the 
stools and may continue to do so for up to 20 years?" 

“The disease is divided into three stages, each of which merges into the other. The first 
stage corresponds to the period from the penetration of the body by the cercariae to the set- 
tling down of paired matured worms in the mesenteric venules. The second stage corresponds 
to the period in which eggs are deposited by female worms in the small vessels of the in- 
testinal wall. Many of these are extruded into the gut. Others are carried . . . into the liver, 
mesenteric lymph nodes and to other abdominal organs . . . the third stage is associated with 


Fic. 5. High power magnification of the specimen revealing a typical ovum. 


proliferation and repair of damaged tissue and includes thickening of the intestinal wall and 
formation of papillomata, cirrhosis of the liver, splenomegaly and ascites.” 

The early symptoms are often transient and include papular rash, fever, unproductive 
cough, neck stiffness, crampy pains in the abdomen and pains in the back of the legs. Diarrhes 
may be present. At this stage signs of involvement of the central nervous system appear, in- 
cluding confusion or stupor, muscular palsies, changes in the reflexes, and occasionally con- 
vulsive seizures. The lymph nodes may show enlargement, the liver and spleen are often 
palpable and the lungs may show scattered areas of infiltration. At first there is no anemia, 
but a rapidly increasing white count and eosinophilia is noted. As time goes on anemia ensues, 
the white count drops and the eosinophilia disappears. 

A survey of the literature reveals involvement of the central nervous system by parasitic 
flukes to be uncommon in the Occident. Kawai,'® without stating specific references, men- 
tioned that at least 100 cases of P. westermanii involving the brain had been reported in 
Japan. Several other descriptions of involvement of the brain by P. westermanii are present 
in the literature,’:?* the earliest being that of Musgrave” in 1907, who described 9 cases. Nine 
authors*..15,14,21,22,25,26,29,30 penorted a total of 11 cases of S. japonicum infestation of the brain. 
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No patients with S. japonicum or P. westermanii infestation of the spinal cord have been 
reported. S. hematobium, on the other hand, seems to attack both the brain and the spinal 
cord.®.7,!2,15 Infestation of the central nervous system with S. mansoni is rare and only one 
report!® could be found in the literature. The same is true of cerebral infestation by He- 
terophyes brevicaeca and Fasciola hepatica, the former being reported only once!’ and the 
latter being reported twice.!” 

Three cases of surgical removal of a mass of S. japonicum ova are reported in the literature, 
one by Shimidzu* and two by Greenfield and Pritchard.“ Kawai'® reported a case (diagnosed 
preoperatively) of surgical removal of a mass of paragonimus ova from the brain. 

Most of the authors reporting cerebral infestation by schistosomes have concerned them- 
selves with the route that is taken by the parasites to reach the brain. Shimamura and 
Tsunoda”. were the first to report the presence of S. japonicum ova in the brain. They found 
them at autopsy in the cortex, meninges, basal ganglia, and choroid plexus of a patient who 
had died of this infestation and assumed from the widespread seeding that the ova had 
reached the brain by embolic phenomena. Fujinami,'™ who was the second author to report 
such a case, did not agree with the embolic explanation of brain infestation and to emphasize 
his point described the finding of an encapsulated group of schistosome worms in the cerebral 
vein of a monkey. Tsuchiya” appears to have been one of the first to bring out the theory that 
the adult schistosoma proceeded through the inferior vena cava and the jugular vein to the 
cerebral sinuses where they deposited their eggs. Faust and Meleney' mentioned that the 
presence of ova in parts of the body other than the alimentary canal and liver might be at- 
tributed to embolism from the lung. The case described by Shimidzu,”* the two cases of 
Greenfield and Pritchard" and our surgical specimen, all showed an inflammatory reaction 
about small veins in the brain lesions and no reaction about arteries. Shimidzu emphasized 
the fact that the ova in his case were localized to one area in the brain. This was the impres- 
sion in the two cases of Greenfield and Pritchard, and certainly in our case there was every 
reason to believe that the disease was sharply localized. This circumstance would, of course, 
be impossible if the ova reached the brain as arterial emboli. The most likely reason for deposi- 
tion of ova in the brain, in the opinion of Greenfield and Pritchard, is that the female is lying 
in one of the cerebral sinuses and deposits her eggs in the smaller venous radicles entering the 
sinus. Yokogawa is quoted by Kawai" as stating that the adult worms ascend from the lungs 
to the brain in the perivascular lymph spaces. Vitug, Cruz and Bautista2® reported necropsy 
findings in a case of cerebral schistosomiasis japonicum which revealed plugging of many 
capillaries in the choroid plexus with ova. This finding and the description of the case of 
Tsunoda and Shimamura”®.** seem to point to arterial embolism as the basis for at least some 
cases of cerebral infestation. 

Cerebral infestation with schistosomiasis seems to render the patients particularly prone 
to the development of seizures, as evidenced in the history in several of the reported cases of 
cerebral schistosomiasis*:*.""?9.°° and in our own case. It has been noted also by several 
authors that, as in our own case, confusion and disorientation'.29 are commonly seen when 
the brain is involved by schistosoma. 

It is of interest to note that in all three reported cases*-.?5 and in our case of surgically 
proven 5. japonicum infestation of the brain the patients did not remember having had any 
of the usual symptoms of early or late schistosomiasis. On the other hand two authors report 
the finding of S. japonicum ova in the brain at autopsy*: without history of neurological 

symptoms before death. 

These observations would seem to indicate that a history of early systemic schistosomiasis 
is not necessary in the diagnosis of cerebral schistosomiasis and that the absence of neurologi- 

val findings is not positive proof that central nervous system infestation has not occurred. 


TREATMENT 


The treatment of cerebral infestation with S. japonicum is exactly the same as the treat- 
ment of the systemic disease.” If the ova exist as a space-occupying lesion in the brain it 
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appears from the previous reports*:""* and from our case that excellent results may be ex- 
pected if the mass is surgically removed and a course of antimony administered. In those 
instances'®.*4.29 where the diagnosis of cerebral schistosomiasis was made by inference and 
could not be proven other than by the presence of ova in the urine and stools, and by the 
therapeutic test of a course of antimony, the authors concluded that the cerebral schisto- 
somias had been “cured” by the antimony. 

According to Faust,'® the most satisfactory therapeutic results are obtained by admin- 
istering tartar emetic (0.5 per cent solution) over a period of four weeks with a total of 320 
cc. of the solution or 0.576 gm. of the drug. This is a rather low concentration of the drug and 
it is, therefore, well tolerated. He further states that studies carried out at a large military 
installation specializing in the treatment of schistosomiasis indicate that even a total of 105 
cc. of fuadin containing 0.941 gm. of metallic antimony is not invariably curative. It must be 
mentioned, however, that numerous authors!*?* have reported complete cures using fuadin 
alone. 

SUMMARY AND CONCLUSIONS 


1. Infestation of the central nervous system by trematodes and more specifically by 
schistosoma has been reported but it occurs rather infrequently. 

2. There is evidence that the adult parasites may reach the brain either by ascending 
against the venous stream to the cerebral sinuses, or by travelling with the blood stream to the 
brain as arterial emboli. The former is the stronger possibility, though both routes may be 
possible. 

3. The pathological picture of cerebral schistosomiasis resembles that of schistosomiasis 
in any other part of the body. 

4. The neurological picture of infestation of the brain and spinal cord does not differ in 
any way from other infections in the central nervous system except that in cerebral involve- 
ments there appears to be a tendency to convulsive seizures, confusion and disorientation. 

5. Where infestation exists as a space-occupying lesion, gratifying results may be expected 
from surgical removal of the mass of ova, followed by the use of antimony compounds intra- 
muscularly and intravenously. 
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EXTRASPINAL LUMBAR MENINGOCELE* 


Rosert C. PenperGcrass, M.D.,¢ A. Earn Waker, M.D.,{ 
AND JOHN P. Bonn, M.D.§ 


(Received for publication October 3, 1946) 


Extraspinal meningoceles in the upper lumbar or thoracic region are a great rarity. Pohl’ 
reported a meningocele in the thoracic cavity in a 47-year-old woman. On the basis of roent- 
genological examination of the chest, the patient was thought to have a neurofibroma. At 
operation, however, a large sac of spinal fluid was found in the thoracic cavity communicating 
through an opening, 2 cm. in diameter, with the spinal canal at the level of the 4th thoracic 
vertebra. The patient unfortunately developed an empyema and died. At autopsy a syno- 
stosis of the 3rd thoracic vertebra was found. The intervertebral canal at that level was 
widened and communicated through a walnut-sized hole presumably at the intervertebral 
foramen with the meningocele in the chest. 

Ameuille, Wilmoth and Kudelski! reported a somewhat similar case in 1940. In both of 
these cases the meningocele within the thoracic cage was found by roentgenography of the 
chest. In the case reported here the paraspinal meningocele was present in the lumbar region 
and a visible, palpable mass was present in the loin. 


* The work described in this paper was carried out while the authors were on active duty, A.U.S., 
assigned to Ashford General Hospital, White Sulphur Springs, West Virginia. 

+ 126 S. Jackson St., Americus, Georgia. 

¢ 950 East 59th St., Chicago 37, Illinois. 

§ University Hospital, Cleveland, Ohio. 
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Fic. 1. Roentgenograms of the lumbosacral spine to show: A, The deformation and displacement of 
the four upper lumbar transverse processes to the lateral margin of the cyst; B, the upward and lateral 
displacement of the left kidney by the mass; C, the eyst outlined by air with the vestigial transverse 
processes lying along the lateral margin of the cyst; D, pantopaque injected intrathecally within the cyst. 


CASE REPORT 

A 32-year-old Negro soldier was admitted on April 23, 1945, to Ashford General Hospital, 
complaining of pain in the lower portion of the back, headache when bending over and sud- 
denly raising up, and a slightly tender mass in the left loin. The patient stated that he was 
quite well until May 1944 when he sustained a crushing injury to his back as the result of 
being caught between a tractor and a truck. At that time he was admitted to a hospital. On 
two occasions he was said to have had bloody urine. After 10 days’ hospitalization he was re- 
turned to duty, but in February 1945 he complained of backache, and pain at the base of the 
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skull and head when bending over. At that time a large mass in the left lumbar region was ob- 
served. Aspiration of the mass was carried out and clear fluid, thought to be spinal fluid, was 
obtained. Air injected into the sac was seen in the intracranial cavity in roentgenograms of 
the skull. The pressures of the fluid in the mass and the spinal fluid were found to be the same. 
A retrograde pyelogram made on May 24, 1945, revealed the right kidney displaced upward 
and the ureter slightly forward (Fig. 1B). 

Examination. The patient was a well-nourished, adult Negro male, appearing to be approxi- 
mately his stated age. His general physical examination was not significant except for the 





Fic. 2. Pantopaque myelogram showing the communication between the subarachnoid space and 
the cyst through the 12th intervertebral foramen. 


findings referable to the left lumbar region. On the left side of the back, extending from the 
12th dorsal vertebra to the 4th lumbar vertebra, there was a large fluctuant, slightly tender 
mass. On coughing, the mass distended. Neurological examination was essentially normal. 

Roentgenograms of the spine revealed an absence of the spinous processes of the 11th and 
12th thoracic vertebrae and of the left transverse processes of the Ist, 2nd, 3rd and 4th lum- 
bar vertebrae. The tips of these transverse processes were visualized in the flank at the outer 
aspect of the mass (Fig. 1A). 

A lumbar myelogram was carried out, 5 cc. of pantopaque being injected. The canal ap- 
peared to be normal until the 12th interspace, at which point the pantopaque was seen to pass 
from the left side of the spinal canal through an ovening into the large mass (Fig. 2). 
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A diagnosis of extraspinal lumbar meningocele was made. 

1st Operation. On June 8, 1945, the patient was anesthetized with intravenous sodium 
pentothal. A semi-circular incision was made starting at the midline in the region of the 11th 
dorsal spine, carried laterally on the left side along the costal margin to the posterior axillary 
line and then downward to the crest of the ilium and hence along it to the spine of the 1st 
sacral vertebra. The lumbodorsal fascia was exposed. The sacrospinalis muscles were re- 





Fic. 3. Photograph taken at the Ist operation, showing the lining of the cyst and the communication 
between the cyst and subarachnoid space through which a probe has been passed. 


tracted medially to bring into view a thin-walled sac. An attempt was made to separate the 
sac from the overlying muscle tissue but it was impossible to do so near the neck of the sac. 
The sac was opened and a great amount of clear fluid gushed forth. Inspecting the interior of 
the sac, it was found to be even larger than suspected preoperatively, extending down under 
the crest of the ilium into the pelvis. The sac wall was smooth and glistening. After the fluid 
had been removed the sac partially collapsed (Fig. 3). Along the lateral margin of the sac, 
small firm masses believed to be the displaced transverse processes of the lumbar vertebrae 
could be palpated. The stumps of the transverse processes could be felt along the medial por- 
tion of the sac. The sac was found to communicate with the subarachnoid space through a 
hole on the medial wall between the 12th dorsal and Ist lumbar vertebrae. This opening was 
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bisected by a strand of tissue approximately 6 mm. in diameter. An attempt was made to 
close the opening with fine cotton sutures and patch it over with flaps cut from the wall of 
the sac. Specimens of the wall were removed for examination. The wound was then closed in 
anatomic layers. 

Course. The patient had an uneventful convalescence but the swelling recurred in the left 
lumbar region within a few days after operation and repeated aspiration failed to result in 
permanent reduction of the swelling. On July 30, 1945, phenolphthalein was injected into the 
spinal fluid and recovered by aspiration of the meningocele, thus establishing the continuity 
between the subarachnoid space and the lumbar sac. 

2nd Operation. On August 4, 1945, the patient being under ether anesthesia, a left hemi- 
laminectomy was carried out by one of us (A.E.W.). A midline incision was made from the 
spine of the 9th thoracic to the spine of the 3rd lumbar vertebra. The muscles were separated 





Fic. 4. Photographs of the patient’s back to show: A, The mass in the left loin after the Ist 
operation and B, the absence of a mass six weeks after the 2nd operation. 


from the spinous processes and laminae on the left side. The spinous process of the 12th 
thoracic vertebra was missing and the left lamina of this vertebra was very poorly developed, 
there being a defect between the two laminae in the midline. The interspinous ligament, how- 
ever, filled the space usually occupied by the spine. The laminae of the Ist lumbar vertebra 
were fused but the spinous process was poorly developed. The laminae of the 12th thoracic 
and Ist lumbar vertebrae were then removed on the left side, exposing the dura mater. With- 
out difficulty the epidural fat was removed and the dural sleeves of the 12th thoracic and Ist 
lumbar nerves were readily identified. The dura mater was opened and an opening to the 
meningocele was identified approximately halfway between the anterior and_ posterior 
surfaces of the dura mater and just below the 12th thoracic intervertebral foramen. The dura 
mater was retracted medially. The dural sleeve was then cut between ligatures. A stitch 
suture was used to complete the closure of the dural sleeve and several clips were applied to 


make the line still more secure. A piece of fibrin foam was inserted between the two cut ends 


of the dural sleeve. All bleeding having been controlled, the dura mater was closed with in- 
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terrupted black cotton sutures. A piece of fibrin foam was laid over the line of sutures in the 
dura mater. The muscles were then allowed to fall back in place against the laminae and 
spinous processes. The fascia, subcutaneous tissues and skin were approximated in anatomic 
layers by cotton sutures. 

Course. The patient had an uneventful convalescence. Three months after the last opera- 
tion the mass in the loin had completely disappeared. There was no pulsation on coughing. 
The patient no longer complained of headache upon bending and lifting up and had no com- 
plaints referable to his back or legs. 


DISCUSSION 

This unusual case of paraspinal lumbar meningocele in all probability was the result of a 
congenital abnormality of the spine. It seems difficult to correlate the absence of the spinous 
process of the 12th thoracic vertebra and the marked displacement of the transverse processes 
with a purely traumatic condition. The ossification centers in the tips of the transverse 
processes appear about the 16th year, and fuse with the rest of the vertebra about the 25th 
year.’ In this case the transverse processes should have been fused about six years before the 
patient’s first injury in 1944. It is quite possible that the congenital abnormality had been 
present for a long period of time and that the trauma initiated inflammatory changes in or 
about the sac which caused it to enlarge and to produce symptoms. Certainly the patient had 
adequate trauma to the area and in all probability a certain amount of bleeding occurred in 
or about the sac at the time of his original injury. 

That the spinous processes should be so displaced suggests that the meningocele was 
present in intra-uterine life. It is of interest to note that the communication between the 
subarachnoid space and the meningocele while through the intervertebral foramen did not 
follow the sheath of the nerve root but lay in an opening between the sheaths of the nerve 
roots. The cyst resembles, in some respects, the epidural cysts that are sometimes associated 
with kyphosis dorsalis juvenilis. The type of cyst, its communication with the subarachnoid 
space and its fluid contents are similar in the two conditions. The cyst in this particular case 
instead of being situated within the spinal canal extended through the intervertebral foramen 
into the loin. 

The localization of the communication between the meningocele and the spinal sub- 
arachnoid space was made possible by pantopaque myelography. This knowledge made it 
possible to ligate the neck of the sac through a hemilaminectomy of only two vertebrae. 

Adequate treatment of such a condition appears to be the obliteration of the communica- 
tion between the subarachnoid space and the sac. The fluid in the cyst seems to be more the 
result of the passage of spinal fluid from the lumbar subarachnoid space into the sac than to 
fluid secreted by the sac wall. Had the latter been the case the first operation should have 
cured the condition since a great part of the sac wall was removed at that time; the second 
operation, not involving the cyst wall, should not have had any effect upon the condition. 
That the sac was not due to a chronic increased intracranial pressure which caused a tear in 
the dura mater seems evident since the closure of the neck of the sac eliminating the absorbing 
mechanism within the sac, however slight it might have been, did not precipitate a chronic 
intracranial hypertension. The patient’s complaint of postural headache was the result of 
rapid changes of intracranial pressure. The mechanism in this instance was probably very 
similar to that encountered in patients having a large defect of the skull in whom sudden 
changes in posture induce headache and vertigo. 


SUMMARY 


A 32-year-old Negro male complaining of pain in the back and headache upon rapid 
change of position was found to have a large left lumbar fluctuant mass which bulged on 
coughing. Surgical exposure of the meningocele with an attempt to close the neck was un- 
successful. A partial hemilaminectomy with ligation of the neck of the sac passing through 
the intervertebral foramen effected a cure. 
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ELECTROENCEPHALOGRAPHIC STUDIES AFTER LIGATION OF THE 
INTERNAL CAROTID ARTERY 
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Neurological Division, St. Vincent's Hospital, New York, N. Y. 


(Received for publication October 8, 1946) 


Reports of the patterns of cerebral electrical activity in man following ligation of the in- 
ternal or common carotid arteries have been uncommon. It has been hoped that electro- 
encephalography might furnish a clue to the status of the intracranial circulatory system 
both before and after operations so that the ability of a patient to tolerate carotid artery 
ligation might be more accurately and readily determined. Therefore, this study is presented 
with a review of the other reported cases. 


CASE HISTORY 


A 25-year-old man was riding a motorcycle on Jan. 1, 1945, when he struck a pig which had 
run into his path. He was thrown from the vehicle and lost consciousness for 3 days. He was 
then unable to see with his left eye, the left periorbital area was swollen and the left side of 
the face felt numb. For 3 weeks he had generalized, dull headaches and approximately 6 weeks 
after the accident he became aware of a “pumping” noise within his head. This disturbance 
was most pronounced over the left temporal area and was especially prominent when the 
patient lay on his left side or when he was seated and plugged his left ear with his fingertip. It 
was noted at this time that the left eyeball was more prominent than the right and that the 
superficial vessels of the sclera and conjunctiva were dilated. 

Examination disclosed the presence of advanced left optic atrophy, left amaurosis and a 
dilated left pupil which reacted consensually, but not directly, to light. A two-phase bruit, 
the first sound more pronounced, could be heard with the stethoscope over the left eyeball. 
Compression of the left carotid sinus area promptly obliterated the subjective noise com- 
plained of by the patient and the bruit could then no longer be heard with the stethoscope. 

Routine laboratory studies including complete blood count, urinalysis, serology and chest 
x-rays were normal. Skull x-rays showed a smooth irregularity of the greater wing of the left 
sphenoid with lessened bone density in this area as compared with the right side. It was felt 
that he had a left internal carotid artery-cavernous sinus fistula. 

The patient was instructed in the technique of digital compression of the left common 
carotid artery and soon was able to compress this area for 25 min. without distress. On April 
26, 1945, under local anesthesia, the left internal carotid artery was exposed and dissected 
free. A strip of fascia lata was fashioned into a cuff about the artery and two braided silk liga- 
tures were applied. The patient remarked spontaneously after the application of the second 
ligature that the noise in his head had stopped. After several minutes no weakness of the 

right side, no change in his sensorium and no speech defects were noted, so the ligatures were 
tied tightly. About 4 hr. after operation the patient again became aware of the noise in his 
head which was, however, of much less intensity than formerly. By auscultation the bruit 
could now be heard only over the left eyeball. 
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On May 22, 1945, under local anesthesia, through a left frontal bone flap the left internal 
-arotid artery was isolated just lateral to the left optic nerve and ligated with a silver clip. An 
attempt was made similarly to ligate a vessel thought to be the ophthalmic artery (but which 
was more likely the ophthalmic vein) lateral to the left anterior clinoid process. Blood, arterial 
in color, gushed forth from the ligated area, the vessel having been lacerated by the silver clip. 
The patient lost consciousness and had convulsive movements of both lower extremities. 
Bleeding was controlled by use of suction and the application of two more silver clips. The 
patient’s condition improved quickly and within a few minutes he spoke rationally, was well 
orientated and appeared quite normal. The postoperative course was not remarkable. The 
patient stated that the noise in his head was no longer audible to him and auscultation did not 
reveal a bruit. 

ELECTROENCEPHALOGRAPHIC DATA 


Electroencephalograms were made on 3-channel and 4-channel Grass machines. Monopolar 
recordings with 8 or more electrodes placed over the frontal, precentral, temporal and occipital 
aveas with an indifferent ear electrode were made. Overventilation was employed routinely for 
a 3-min. interval. The EEG taken on Mar. 29, 1945 revealed an A type record! with alpha 
activity ranging from 9 to 10 c./sec. and with average maximum occipital microvoltage of 
50u V. There were no focal abnormalities. Alpha activity was present approximately 85 per 
cent of the time over the occipital areas. There was a big buildup on overventilation with 
prompt recovery when this was stopped. The patient practised daily digital compression of 
the left carotid sinus area for increasing periods of time and by April 11, 1945 he was able to 
occlude the left common carotid area for a 15-min. period without distress. An EEG was run 
before and during such a period of digital occlusion of the left carotid sinus area. No signifi- 
cant changes occurred in the pattern of electrical activity during this procedure. Overventila- 
tion was carried out for 1 min. during digital occlusion of the left carotid sinus area and again 
no change in pattern occurred. At the end of this time the patient discontinued overbreathing 
because of distress and feeling of severe light-headedness. 

On April 26, 1945 ligation of the left internal carotid artery in the neck was performed. 
Approximately 4 hr. after operation the patient again became aware of a noise in the head. 
Six hr. after operation the EEG disclosed no detectable differences in the electrical activity 
between the two hemispheres of the cerebrum, but alpha activity generally was much less 
prominent in this record than in the record taken preoperatively. On May 3, 1945, 8 days 
after operation, electroencephalographic records disclosed for the first time a difference in 
activity between the left and right cerebral hemispheres. Trains of 7 c./sec. waves of 60uV. 
amplitude were evident for periods lasting up to 1} sec. over the left occipital area. For re- 
current intervals of 3—4 sec. the left occipital area showed irregular, low voltage, slower 
waves and beta activity while normal alpha activity was present over the right occipital area. 
Overventilation could be carried out for only 1 min., during which time no buildup occurred; 
the patient could not continue overbreathing because of intense distress and faintness. On 
May 22, 1945 a second operation was performed for the intracranial ligation of the left in- 
ternal carotid artery and the left ophthalmic vein. The record made on June 14, 1945 showed 
no significant abnormalities and closely resembled the original control records. Overventila- 


tion was well performed and a moderate buildup occurred with prompt recovery on cessation 
of overventilation. 


DISCUSSION 


Review of the literature discloses 3 electroencephalographic studies of patients in whom 
ligation of the earotid arteries in the neck was performed. Yeager and Walsh‘ reported a 
normal control EEG prior to operation in a patient with an intracranial left carotid saccular 
aneurysm. They noted that following repeated digital pressure on the left carotid artery in 
preparation for operation, the alpha rhythm became somewhat less regular, the mean fre- 
quency of alpha activity was slightly lower and some delta activity was present on the 
homolateral side. The left common, internal and external carotid arteries were then ligated 
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and 3 days after operation a marked change was noted in the EEG. The alpha frequency was 
reduced considerably over the entire left hemisphere and it was replaced by slow, irregular 
waves of 1} to 6 c./sec. frequency. Alpha activity over the right hemisphere was not ap- 
preciably affected although a few delta waves were present. A very slow wave of } to } c./sec. 
frequency, which the authors regarded as arising from all areas of the cerebrum, was noted. 
A record taken 6 days later showed considerable improvement. The delta activity diminished 
noticeably over the left side with subsequent return of the alpha rhythm. Delta waves were 
still slightly more abundant on the left side and the alpha rhythm averaged about 2 c./sec. 
less than on the right side. A record taken 9 days later showed still further improvement but 
the similarity of the two sides had not yet returned to that of the first recording. 

Lambert Rogers? reported a case in which the common carotid artery was divided for an 
intracranial aneurysm of the right internal carotid artery. The control EEG revealed nothing 
abnormal, and following a preparatory period of digital compression of the right common 
carotid artery over a period of 23 days the operation was performed. Electroencephalograms 
during temporary occlusion of the right common carotid artery with a piece of tape showed 
that the right hemisphere had slightly more prominent normal rhythms than the left. These 
were never outside the physiological range and toward the end of the period (80 min. after 
occlusion) the asymmetry was less marked than at first. These observations were made coin- 
cidental with dynamometer readings which also gave no indication of serious impairment of 
cerebral circulation, so that Rogers felt it relatively safe to divide the common carotid artery. 
In a footnote to this case report Rogers stated that in 2 more cases in which operation was 
performed by him subsequently, electroencephalographic tracings following temporary 
occlusion showed no significant changes, so that the common carotid was tied and divided 
without incident. 

Roseman and co-workers* described the electroencephalographic data in a patient with a 
traumatic, left-sided, intracranial arteriovenous fistula upon whom multiple operations on 
the left carotid arteries were performed. The control record showed a 10 to 103 ¢./see. domi- 
nant rhythm and much 25-30 c./sec. activity plus bursts of high voltage 6-8 c./sec. activity 
with numerous positive spikes. An hour and a half following ligation of the left common 
carotid artery generalized decrease in amplitude was seen, whereas 43 hr. postoperatively in- 
crease in amplitude was noted. On the day following operation the EEG was normal. How- 
ever, a week later, the record displayed a recurrence of fast activity which appeared syn- 
chronously with a subjective sensation of buzzing. Approximately 2 weeks after this first 
operation the left internal carotid artery was ligated. A record run 2 hr. afterwards showed 
rare bursts of 3c./sec. activity. Ten hr. postoperatively the slow wave had disappeared and 
fast activity recurred. Subsequent records showed a variation in appearance of the fast 
activity, usually synchronous with subjective buzzing. After a third operation, in which block 
excision of the carotid bifurcation was performed, fast frequencies over the anterior portion of 
the head occurred simultaneously with subjective buzzing sensations in the right (contra- 
lateral) ear. 

The authors felt that their case represented a unique instance in which a sensitive carotid 
sinus appeared on the side of the ligated carotid vessels approximately 2 months after the 
first operation and they attributed this to scar-tissue formation with resulting tension stimula- 
tion of the left carotid sinus each time the head was turned to the right. Following the second 
operation it was noted that compression of the right carotid sinus region was followed by the 
appearance of slow waves, coma and left-sided convulsions with rapid return to the normal 
state after release of pressure. Following excision of the left “carotid body” (third operation), 
“responses similar to those previously noted were always evinced on the right.” 

The evidence available (6 patients) indicates that’ Tigation of the internal or common 
carotid artery in man may be performed with relatively minor, transient changes in the 
electrical activity of the cerebrum. The collateral circulation must have been more than 
adequate in these patients. No change, or minor changes, in the EEG after digital compres- 
sion of the carotid sinus area for prolonged periods suggests an adequate collateral circulation, 
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However, the precise role of electroencephalography as an aid in determining the adequacy of 
collateral cerebral circulation, awaits more case reports for final evaluation. Certainly it 
would be extremely important to know the pattern of electrical cerebral activity before and 
after operation in those patients unfortunate enough to develop cerebral circulatory complica- 
tions postoperatively. The development of hemiplegia is a well recognized hazard and fore- 
warning of such an anticipated complication might be expected in the EEG. As yet, to our 
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Fic. 1. Preoperative EEG. LF, left frontal; RF, right frontal; LPe, left precentral; RPe, right pre- 
central; LO, left occipital; RO, right occipital. Left and right leads recorded simultaneously from the 
frontal, precentral, or occipital areas respectively. 
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Fic. 2. EEG during digital compression of the left common carotid area for 15 min. No significant 
change in pattern. 
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knowledge, no case reports have appeared in which electroencephalograms were made on a 
patient who developed hemiplegia following ligation of the carotid vessels. In this connection 
it must be mentioned that cerebral circulatory changes other than hemiplegia may occur. 
Roseman and co-workers’ case may represent such a type of complication for their patient 
had tolerated digital compression of the carotid sinus areas quite well before ligation of the 
common carotid artery, after which abnormal responses to digital stimulation or compression 
of either carotid bifurcation appeared. Despite the fact that the more sensitive left carotid 
sinus was eliminated by complete excision of the left carotid bifurcation, an abnormal EEG 
associated with coma and left-sided convulsions still persisted when the right carotid bifurca- 
tion was compressed. The authors felt that this phenomenon was due to cerebral ischaemia 
from compression of the remaining carotid vessel. The possibility that the development of 
the sensitive carotid sinuses in this case was a manifestation of central cerebral circulatory 
change is plausible in view of the fact that the bilaterally sensitive carotid sinuses developed 


NO.3 26 APRIL 1945 


I IN ref ORO A WALI anf Natal NPN, pr | pretreat gon, 


LPc 


RPc 
i pte VO ae i ae Nr er en Na te ” nf 
LO 
pl mee pth fms LAM Warne SO rtin. tertile" iin ae ted 
150pv 
RO t 1 Second + 


4 - Ms ~ 
we ww ig, Og Ew ps ne ONIN ON wh 


Fic. 3. Record taken 6 hr. after ligation of the left internal carotid artery in the neck. Alpha ac- 
tivity much less prominent, but no significant differences between the right and left cerebral hemispheres. 
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Fic. 4. EEG made 8 days after operation. Less alpha activity and more beta activity with irregular 
low-voltage slow waves are shown in the left occipital lead than in the right. 
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postoperatively and the sensitivity persisted in the remaining carotid sinus when the more 
severely affected, left “carotid body” was excised. 

Electroencephalographic study during temporary occlusion of the common carotid artery, 
as was performed in Rogers’ cases, is an ideal method of study of the collateral cerebral 
circulation, for under these circumstances one can be certain that the carotid artery has been 
completely occluded. Unfortunately, technical difficulties (EEG not available at operation) 
prevented the use of this technique in the patient reported. 
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Fic. 5. Record taken 7 weeks after neck ligation and 3 weeks after intracranial ligation. No significant 
differences between right and left sides. This record is similar to the preoperative control records. 


CONCLUSIONS 


1. Ina patient on whom ligation of the internal carotid artery for an intracranial arterio~ 
venous fistula was performed without clinical postoperative complications electroencephalog- 
raphy disclosed relatively minor, transient changes. 

2. The final value of electroencephalography as an aid in evaluating cerebral collateral 
circulation in ligation of the carotid arteries must await further reports and study especially 
of those instances where complications such as hemiplegia arise postoperatively. 
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A SUCCESSFUL AUTOGENOUS GRAFT FOR RADIAL NERVE PARALYSIS 
CASE REPORT 
Lreonarp A. Tirrup, M.D. 


Division of Neurosurgery, University of Minnesota Hospitals, 
Minneapolis, Minnesota 


(Received for publication October 8, 1946) 


Functional recovery after the use of transplants to bridge nerve defects in man has been 
largely unsuccessful except in the repair of the facial nerve in the facial canal. Ballance and 
uel! are chiefly responsible for the stimulation of surgeons to carry on nerve grafting. They! 
achieved phenomenal success in the use of human autografts for facial nerve defects. Bunnell,' 
and Bunnell and Boyes’ reported recovery in several cases after the use of autogenous trans- 
plants to bridge nerve gaps, especially in the small nerves of the hands and a few in the arms. 
They favor the use of small-caliber grafts which may be nourished readily by tissue fluids. 

In 1929, Foerster'! reported 5 complete recoveries after employing autogenous nerve 
grafts in 21 human cases. Whereas Klemme, Woolsey, and De Rezende" reported a few suc- 
cesses with preserved homografts in man, Davis? found that autografting produced better 
results. Davis and his associates®:’ learned that homogenous grafts stimulate more meso- 
dermal tissue proliferation than do autografts, and so the neurofibrils of homografts have a 
more difficult progress in their growth down through the transplant. Furthermore, they in- 
dicated that the viability of a graft depends upon blood vessels growing in from the adjacent 
tissues; and therefore any structure such as a tantalum or collagen cuff placed about it would 
prevent its vascularization. 

Seddon and Holmes!’ indicated that the neuronal tissue in a homograft becomes necrotic 
slowly and is replaced by connective tissue. Their 4 cases of homografting in man were failures. 
Spurling, Lyons, Whitcomb, and Wocdhall'® found no nerve regeneration during a prolonged 
follow-up study of 8 human cases in which fresh homogenous grafts were used. On the other 
hand, Seddon, Young, and Holmes'* observed that a 7.5 em. cable autograft which was 
removed 7 months after serving as a bridge in a human median nerve defect had survived and 
that the Schwann cell proliferation and myelin removal had progressed normally. The neuro- 
fibrils in the transplant had grown and acquired myelin sheaths as would have occurred after 
an anastomosis following a simple nerve severance. Most of the clinical evidence available 
indicates that autogenous nerve grafting in man is much more successful than the employ- 
ment of homogenous transplants. Autogenous, homogenous, and heterogenous nerve trans- 
plantation will lead to functional and organic recovery quite regularly in experimental ani- 
mals?.3,8,9,12,15,15,16,20,21,22 Hresumably because there is less immunity to the introduction of 
foreign tissues than is the case in human bodies. 

In the literature, there are very few reports of successful nerve grafting in man. For this 
reason, a case is presented herewith that illustrates that a deficiency in a peripheral nerve 
may be bridged with a graft and a good functional recovery follow. 


CASE REPORT 

Case No. 628782. Mrs. M.E.L., a white female aged 32, was admitted to the University 
of Minnesota Hospitals, Nov. 4, 1941. 

History. The patient had a neurofibroma, which she knew had been present for 3 years, re- 
moved from the left radial nerve in March 1940. The tumor and about 3 cm. of the attached 
nerve were excised at the level of the middle and distal thirds of the left humerus. An end-to- 
end suture of the radial nerve segments was made under tension. A cast was applied after 
operation to hold the left arm in flexion at the elbow and dorsiflexion at the wrist. The cast 
was worn for 5 weeks. Her convalescence was complicated by some drainage from the wound. 
After the wound healed and the cast was removed, a left wrist drop and a complete left radial 
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SUCCESSFUL AUTOGENOUS NERVE GRAFT 93 
nerve paralysis below the elbow persisted. Her past medical history was negative except for 
the complaint of recurrent hayfever and a healed pulmonary tuberculosis. 

Examination. On admission she was found to be in good general physical condition. Chest 
x-ray revealed a calcified Ghon’s tubercle at the right base and multiple calcified mediastinal 
lymph nodes in the right and left hilus. Urinalysis, blood counts, and blood serology were 
normal. The patient was a brunette, and had numerous deeply pigmented areas of skin over 
her body and extremities. Numerous small and moderately firm cutaneous and subcutaneous 
tumor masses were palpable over the surface of the body. These findings suggested the 
presence of a mild form of neurofibromatosis or Von Recklinghausen’s disease. 

On the lateral aspect of the left upper extremity was a broad and healed surgical sear, 13 
cm. long, extending upward from the elbow. There was no unusual tenderness on palpation in 
this area. The radial musculature of the left forearm was moderately atrophied. There was a 
flaccid paralysis of the left brachioradialis, extensor carpi radialis longus and brevis, supinator, 
extensor digitorum communis, extensor digiti quinti proprius, extensor carpi ulnaris, abductor 
pollicis longus, extensor pollicis longus and brevis, and extensor indicis proprius. There was no 
cutaneous sensory loss. In view of the past events, it was believed that a nerve graft would be 
needed to bridge the gap, and an operation was scheduled with this in mind. 

Operation. Nov. 7, 1941. Preoperative medication of nembutal, morphine sulphate, and 
hyoscine hydrobromide was given. General inhalation of cyclopropane was used for anesthesia 
during the operation. The old surgical scar on the lateral aspect of the left upper arm was 
lengthened. The left radial nerve was freed from the scar in which it was imbedded. There were 
neuromas of the separated nerve ends with a defect in the continuity of the nerve at the site 
of previous anastomosis. At a level of 1.5 cm. proximal to the neuroma of the central portion 
of the radial nerve, a large cutaneous sensory branch had its origin. It was believed that this 
was the dorsal antibrachial cutaneous division. After the scarred ends of the radial nerve were 
freed, transections were made until normal-appearing fasciculi were evident. The large 
sensory branch was then dissected free and divided so as to obtain a 9-cm. segment. This was 
then divided to make two 4.5-cm. cable grafts which were employed to span the radial nerve 
defect. These two parallel cable grafts were sutured 
accurately to the proximal and distal ends of the 
radial nerve with fine interrupted silk stitches which 
were placed through the epineurium. This was done 
without tension and a satisfactory end-to-end anas- 
tomosis was made. After all bleeding had been 
stopped, interrupted silk stitches were placed to ap- 
proximate the deep tissue, and catgut sutures were 
used subcutaneously. Silk was employed to sew the 
skin. Sterile dressings were maintained upon the 
wound with an ace bandage. The left arm was band- 
aged to the body so as to assure a persistent acute 
flexion of the elbow in order to prevent tension upon 
the sutured nerve. The operation occupied 3 hours. 

Postoperative Course. Satisfactory wound healing 
followed, and the patient was discharged from the 
hospital on Nov. 11, 1941. An area of anesthesia per- 
sisted upon the dorsal aspect of the left forearm. For 
a period of 2 months after operation, the left elbow 
was maintained in flexion; after this time the elbow 
was gradually extended until full extension was 
accomplished in a period of 3 weeks. After this in- 
terval, the patient practised active and passive move- 
ments of the left arm, wrist, and fingers, in addition 
to daily massages of the extremity. The left wrist was 
maintained in dorsiflexion when such physiotherapy 
was not practised. 





Fic. 1. Photograph April 30, 1946, 
showing surgical scar on lateral 
aspect of left upper arm. 
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About Oct. 13, 1942 (approximately 11 months postoperative), the patient noticed an 
ability to extend her left wrist. There had been no sensory recovery, however. Examination 
revealed the existence of fairly forceful extension power of the left wrist, but no dorsiflexion 
of the left thumb was present. Upon reexamination Nov. 17, 1942, dorsiflexion of the left 
wrist was even more powerful, but very little radial power had returned to the fingers and 
thumb. During February 1943, the patient was hospitalized during a normal pregnancy for 
delivery of a baby girl. In the summer of 1944, she was treated for seasonal hayfever and 
asthma. She did not return to the neurosurgical clinic until April 30, 1946. This was approxi- 
mately 43 years after the left radial nerve graft operation. At this time, the patient was 37 





Fics. 2 and 3. Photographs April 30, 1946, approximately 43 years after left radial nerve graft 
operation. Left: The hand and wrist have strong extensor power. The brachioradialis contraction is evi- 
dent on dorsal aspect of proximal part of forearm. Right: Medial aspect. Note inability to dorsiflex the 
left thumb completely. 


years old. She felt well and had been using her left arm and hand effectively in her housework. 
The dorsiflexion of the left wrist was done with almost normal strength. There was a slight 
ability to dorsiflex the left thumb. An area of minimal hypesthesia to pin prick and superficial 
touch existed along the laterodorsal surface of the left forearm and hand in the distribution of 
the dorsal antibrachial cutaneous and the superficial radial branches. The appearance of the 
surgical scar is shown in Fig. 1. Figs. 2 and 3 demonstrate the extensor power of the left wrist 
and fingers of the left hand. It may be seen that a paresis of the abductor pollicis longus and 
extensor pollicis longus and brevis still exists. 


SUMMARY 


A case has been presented wherein a good functional result occurred after the use of a 
cable graft to restore the physiological continuity of the radial nerve after the excision of a 
neurofibroma from this nerve. Partial recovery was present 11 months postoperatively, and 
after 45 years, the patient had an almost normal extremity except for paresis of dorsiflexion of 
the thumb. 
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NOTICES 
THE NEW YORK SOCIETY OF NEUROSURGERY 
The New York Society of Neurosurgery, which was recently organized, is an outgrowth 
of a group of New York neurosurgeons who have met informally at regular intervals since 
1939. The present membership consists of twenty-four neurosurgeons who practise in the 
Metropolitan area. Dr. J. Lawrence Pool, 195 Fort Washington Avenue, New York 32, is 
President. Dr. Sidney W. Gross, 8 East 83rd Street, New York 28, is Secretary. 


SCANDINAVIAN NEUROSURGICAL SOCIETY 


The third annual meeting of the Nordisk neurokirurgisk Férening (President: Dr. Herbert 
Olivecrona) will take place September 5-6, 1947 at Rikshospitalet, Oslo, Norway, where 
Dr. Arne Torkildsen will act as host. A preliminary program will be issued before August 1. 
A cordial invitation is extended to the members of the Harvey Cushing Society and the 
Society of British Neurological Surgeons to attend the meeting. Dr. Torkildsen, or the Secre- 
tary, Dr. Olof Sjéqvist, Sédersjukhuset, Stockholm, Sweden, will be glad to give any further 
information. 


SECOND SOUTH AMERICAN CONGRESS OF NEUROSURGERY 


The Second South American Congress of Neurosurgery will be held in Santiago, Chile, 
April 21-27, 1947, sponsored by the Chilean Government and conducted under the auspices 
of the Central Institute of Neurosurgery and Neuropathology. Assembly meetings and ex- 
hibits will be held at the Hospital Salvador, Santiago. 

Neurosurgeons in the United States and Canada are cordially invited to attend. Embassies 
and Consulates have been instructed to grant free visas to those wishing to attend and to 
extend maximum facilities for obtaining necessary travel permits. Neurosurgeons who wish 
to present a scientific paper are requested to notify Mr. Joseph J. Boris, Convention Repre- 
sentative, 1776 Broadway, New York 19, N. Y. Arrangements for travel are being made 
through the American Express Company, Mr. R. F. Gehan, Manager, 65 Breadway, New 


York 6, N. Y. 
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OUTLINE of the SPINAL NERVES “sz 


By Joun Favitt, A.B., M.D., F.A.C.P., Clinical Professor of Neurology 
(Rush), University of Illinois College of Medicine, Attending Neuro- 
psychiatrist, Presbyterian Hospital, Chicago. 

212 Pages 

Misteated This is a manual which has been needed for a long time. It gives full 

Price: $3.75 information on motor functions concerning either a root, nerve, or 
muscle. The neurologic aspects of a movement can be found easily. Such 
data cannot be available from a single table where overlapping and space 
limitations provide difficulties. Most of such tables in neurologic texts 
are incomplete and contain errors and contradictions. 


In order that one can obtain these facts conveniently and quickly, 
starting with either root, nerve, muscle, or movement, the lists in this 
book were prepared, in a complete and correct form by a detailed, care- 
ful checking of the literature, It is not attempted to cover the numerous 
individual variations which are known, or the occasional disagreements 
between standard texts. The average human body is represented. ‘The 
OUTLINE OF THE SPINAL NERVES provides a key that will be very 
useful to every neurologist. 


© PENICILLIN in NEUROLOGY “si 


By A. EArt WALKER, M.D. Associate Professor of Neurological Surgery, 
The University of Chicago; and Hersert C, JOHNSON, M.D., Resident 
Neurological Surgeon, The University of Chicago. 


216 Pages This Monograph presents (1) the results of studies of the dispersion 
95 Illustrations and absorption of penicillin when administered by intrathecal injection 
Price: $5.00 and (2) the effect of the drug on nervous tissue in health and disease. 


On the basis of these investigations and clinical experiences, the rational 
use of penicillin in neurological disorders is discussed, giving the book 
a wide range of appeal among physicians, surgeons, and research workers. 
Penicillin Therapy of nervous diseases presents a number of problems 
not encountered in the treatment of systemic disease. Because the drug 
does not reach the cerebrospinal fluid in appreciable amounts when 
given parenterally in the usual therapeutic doses, it must be injected 
into the cerebrospinal fluid for the treatment of certain neurological dis- 
eases. The knowledge of the diffusion and dispersion of the drug through- 
out this fluid is an important guide in determining the dosage and site 
of injection of the antibiotic agent for, if penicillin is to be effective, 
it must gain access to the microbe responsible for the disease. Yet the 
drug must not be given in such large amounts that nervous tissue is 
damaged. 
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BRAIDED 
TANTALUM 


A USEFUL, NEW 
SUTURE MATERIAL 





Many individual strands of wire are in 
Ethicon Braided Tantalum. Photomicro- 
graph, above, shows Sizes 3-0 and 1, mag- 
nified to x15. 





ETHICON TANTALUM 
FOR SURGICAL USE 


Sutures. Monofilament: Sizes 6-0, 
5-0, 4-0. Swaged to Eyeless Atraloc 
needles. Braided: As described at 
right. 


Wire. Suturing material on spools. 
Sizes 6-0, 5-0, 4-0, 000, 0, 2, 4. 

Ribbon. For making neurosurgical 
hemostasis clips. Clips also supplied 
ready-made. 

Sheet. For skull plates in cranio- 
plasty and general plastic surgery. 

Foil. Used in neuro- and ortho- 
pedic surgery for protection of 
nerves and tendons. 


Literature describing use of Ethi- 


con Tantalum products available on 
request. 














wil 

e Braided tantalum is a new Ethicon suture material 
which offers the surgeon certain qualities not found 
in other sutures. 
1. Its “handling properties” are superior to mono- 
filament wire. It is much stronger than silk and less 
variable in size. 
2. Its tensile strength is not affected in the presence 
of infection. 
3. When Braided Tantalum is used as a buried suture, 
the attachment of the tissues to the suture aids greater 
anchorage. 

Ethicon Braided Tantalum Sutures are supplied in 
Sizes 5-0 to 1, in 60 inch length on card reels. 

Braided Tantalum has been found of special value 
for general surgical closure, plastic surgery, the Guy- 
ton operation for ptosis of eyelid and herniorrhaphy. 


ETHICON 


WMP CAD 
FOR EVERY SURGICAL PURPOSE 
ETHICON SUTURE LABORATORIES 
Division of Johnson & Johnson, New Brunswick, N. J. 
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To avoid saving money, the first thing 
aN is cut off all your pockets. Thus 
ey you will have to carry your money 
4 in your hand. Which will insure 
that you—1. spend it, 2. lose it, 
3. get it taken from you—quicker! 


Also avoid piggy banks. The kiddies in 
particular are victimized by such devices, 
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Above all, don’t buy any U. S. Savings 
Bonds—or it’s impossible not to save 
money! These pay fat interest—4 dollars 
for 3 after only 10 years! There is even 
an insidious Payroll Savings Plan which 
is automatic. With it, you may even find 
yourself embarrassed by a regular 
income! Get-gat-gittle! 
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DEKNATEL SURGICAL SILK - Braided and Treated 


Sten Suet 


DEKNATEL SURGICAL SILK 
IS MOISTURE AND SERUM RESISTANT 


It has many practical advantages 
such as certain and easy manipula- 
tion . . . soft knots and ends... 
extra tensile strength permitting 
use of smaller sizes . . . superiority 
where wet dressings are used... 
in addition to the smooth, splinter- 
less surface assured by its specially 
braided and treated structure. 


Non-capillary—resistant to actions 
of enzymes, catalyzers, lochial 
discharges, vaginal acids. 


Sold By Surgical-Hospital Supply Houses 


>) 5 KNATE L QUEENS VILLAGE 8 (L. 1.) NEW YORK 











GARCEAU ELECTROENCEPHALOGRAPHS 
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A.C. OPERATED NO BATTERIES 
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BACK ISSUES 


JOURNAL OF 
NEUROSURGERY 


VOLUME YEAR 
aaron 6 issues...... 1944 
| ae 6 issues. 1945 





The Price, per volume, in the United 


States, Canada, and Latin America is 





$7.50; other countries, $8.00. Single 


The Junior Garceau Electroencephalograph issues are $1.50. Published J anuary, 





A simplified inexpensive instrument for recording electrical March, May, July, September, November. 
potentials of the brain. Built-in interference eliminators 

permit use anywhere. Inkless records—no photography or 

film-development required. Instantaneous localization with CHARLES C THOMAS, PUBLISHER 
any 2 of the 10 provided leads. 

All Garceau Electroencephalographs operate entirely from 301-327 East Lawrence Avenue 

the 115 volts, 50 or 60 cycle power lines. Sicnafteld- IMinets 
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A TEXT-BOOK OF 


NEURO-ANATOMY 


By ALBERT KUNTZ,. Px.D., M.D. 


Professor of Micro-Anatomy in St. Louis University School of Medicine, St. Louis, Missouri 


Fourth edition. Octavo, 478 pages, illustrated with 325 engravings. Cloth, $6.50. 


HIS book presents in a clear, concise but comprehensive manner the fundamental facts 
ik the anatomy and physiology of the nervous system necessary for the understanding 

of human behavior and the adjustment of the body and of its parts to factors in the 
external and the internal environment. The neural mechanisms through which the regulation 
of vital processes are carried out are outlined systematically. The structure of the human 
nervous system is described completely but without too great detail, and sufficient physiologi- 
cal data are included to unite structure and function in a dynamic pattern. 

The author is acutely aware of the difficulties each student encounters in his first contact 
with this subject. The anatomical structure of the human brain and spinal cord is somewhat 
intricate, but the fundamental plan and structure of the vertebrate nervous system is rela- 
tively simple. For this reason, the anatomical data are correlated with the fundamental struc- 
tural plan. The material is so arranged that the student acquires an adequate concept of the 
nervous system as a whole early in the course. He is acquainted with the simpler reflex and 
correlation mechanisms in the spinal cord and brain stem before taking up the long conduc- 
tion pathways in their entirety. These pathways are studied from the point of view of their 
specific functions. The diencephalon, the corpus striatum and the cerebral cortex are dis- 
cussed from the viewpoint of their phylogenetic development and anatomical and functional 
relationships. The autonomic nervous system is treated in a separate chapter based largely on 
the author’s previous book “The Autonomic Nervous System.” An outline for laboratory study 
is included which is so arranged that it may be used in whole or in part according to the 
time available. 

In the preparation of this fourth edition, the text has been thoroughly revised and partly 
rewritten. New data have been incorporated and many illustrations have been replaced by 
new ones designed with a view to greater clearness, while some additional ones have been 
introduced. New data regarding the conduction pathways for visceral impulses have been 
included and experimental and clinical studies regarding cortical projection areas have also 


been incorporated. In its present form this volume should clarify the subject which is too 


often obscured by details. It reduces to a minimum the difficulties which the student encoun- 


ters. The teaching qualities of the text are enhanced by concise summaries that conclude 


each chapter and recapitulate the fundamental information. 
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STANDARD HUDSON BRACE 


NS-60 Hudson Brace. Standard Mueller model, for 
use with the McKenzie and Adson Craniotomy Burs 
and Drill, and other skull burs. Chrome plated. 
NS-62 Hudson Cerebellar Extension. 





NS-98 NS-71 


NS-72 


McKenzie Perforating and Enla rging Drills 


FIT THE STANDARD HUDSON BRACE 


Fast, clean cutting, the McKenzie Twist Perforator and Enlarging Bur are im- 
) portant new instruments for skull and neuro-surgery. TI 


‘hey are worked from 


hard tool steel for maximum service life, and have hand ground edges for fast 


NS-98 McKenzie Twist Perforator: Makes an opening large enough for most 
ventriculographies, Its taper prevents plunging through when the inner 
table is perforated. 


McKenzie Enlarging Bur: For enlarging the opening made by the Per- 
forator. Useful also in starting exposure for disc procedure as it bites 
well into adjacent laminae. Does not chatter; cutting edges do not clog. 


IMPROVED ADSON BURS 


The fewer, square-faced blades of the improved 
Adson Craniotomy burs cut faster, stay sharp 
longer than the many-fluted standard burs, and 
simplify opening the skull—formerly a time-con- 
suming procedure. 

NS-71 Adson Perforating Bur (4-bladed). 
NS-72 Adson Enlarging Bur (7-bladed). 


V. Mueller and Company 


Everything For Surgery Since 1895 
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TWO CUTTER HUMAN BLOOD FRACTIONS 


..»Now available in your hospital 





1. FIBRIN FOAM ano tHromein — Cutter’s 
new hemostatic agent—permits faster, easier technic 
in all surgical procedures where hemostats and 
sutures are impractical. An outgrowth of work in 
plasma fractionation at Harvard Medical School, 
Cutter’s Fibrin Foam is made from human blood. 
It adheres rapidly and cuts sponging time to a 
minimum, without danger of dislodging clot. 
Non-reacting and absorbable, Fibrin Foam may be 
left in place following surgery. 


2. NORMAL SERUM ALBUMIN (HUMAN), 

SALT- POOR — is now being used for treatment of 
incipient or actual albuminemias which may 

be reversible—such as those resulting from 
starvation and impaired synthesis or absorption; 

or following nephrosis or acute nephritis. 

Cutter’s albumin, made from 4aman blood, reduces & 


: : ] 
edema (if present) and replaces lost albumin 
until renal function is re-established. 
| 
‘ 


For complete literature on Cutter’s Fibrin Foam 
and Normal Serum Albumin, write to the 
Cutter Laboratories, Berkeley 1, California. 
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FURTHER USES OF GELATIN FOAM 
IN NEUROSURGERY* 
EDGAR F. FINCHER, M.D. 


Department of Surgery, Emory University School of Medicine, Atlanta, Georgia 
(Received for publication October 12, 1946) 


11K DEMONSTRATION of the effectiveness of fibrin foam as an agent for 

human thrombin for hemostasis is one of the outstanding contributions 

to neurosurgery of the decade. While Ingraham and Bailey®* reported 
primarily on the use of this material in the control of hemorrhage, they 
described other purposes for fibrin foam and stated that it could be used 
at the same time as sulfadiazine and penicillin without change in tissue reac- 
tion, and without any alteration in the speed of absorption of the foam. 
From a practical as well as from a commercial consideration, the soluble 
gelatin preparation developed by Correll and Wise! was demonstrated by 
Light‘ to be equally as effective an agent for thrombin as human fibrin foam. 
In the report made by Light and Prentice’ on the use of this new absorbable 
sponge in hemostasis, they listed several other uses for this “universal pro- 
tein” in addition to those for the control of bleeding. Following the introduc- 
tion of the gelatin foam it was the author’s privilege to participate in the 
clinical comparative uses of fibrin and gelatin foam with human and bovine 
thrombin for the control of hemorrhage in neurosurgical operations. The 
gross results of these experiences were reported by Pilcher and Meacham.’ 
It was in the course of these experiences that it became evident that the 
gelatin material had other adaptabilities than those already pointed out by 
Ingraham and Bailey, and Light and Prentice. While it is certain that more 
than one individual has found the gelatin sponge useful beyond its hemo- 
static and other purposes referred to in the literature, these experiences 
have not been recorded. Feeling that the gelatin sponge can be utilized in 
the field of general surgery as well as in other surgical specialties, it may be 
helpful to re-emphasize the recorded usefulness of this material and to tabu- 
late the further employment to which it has been extended. 

The two specific uses of the foam material not heretofore alluded to in 
the literature are (1) as a substitute for cottonoid strips for the protection 
of the brain surface for retraction purposes and as a sealing pack for a dry 
operative field against spinal fluid flooding, and (2) as an agent for the 
obliteration of surgical ““dead spaces.” 

The production of the large gelfoam sponges (Fig. 1) makes it possible 
to utilize these as a substitute for cottonoid strips. The handling of these 
strips is made easier by cutting the strips in desired lengths and thicknesses 
before soaking them in normal saline solution. The gelatin material, where 
retraction protection is needed, owes its value to the fact that there remain 


* Presented at the meeting of the Harvey Cushing Society, October 12, 1946, Boston, Massachu- 
setts, 
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Fic. 1. The larger sponges cut from the “bricks” measure 152 em. in the dry state. It is more 
effective to cut these in the dry in suitable sizes for protective purposes or as substitutes for cotton pled- 
gets for mechanical purposes. 


no irritating foreign particles as was demonstrated by Mayfield® in his 
experience with cotton material. On cut surfaces of the brain wkere one is 
operating after a lobe resection or through a transcortical exposure, the 
strips are left in place as hemostasis may demand (Fig. 2). In procedures 
where one operates in an opened ventricle, appropriately sized packs of gel- 
foam can be used to seal the foramen or artificial openings in these cavities 
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Fic. 2. Cerebellar approach. 











agal 
pose 
thes 
the 
flow 
witl 
any 
wor 


In | 


oftt 
the 
rior 
bet 
dry 
(Fi, 
wit 
coll 
ang 
pos 
sm: 
spa 
anc 
wa 

















FURTHER USES OF GELATIN FOAM IN NEUROSURGERY 99 


against a continued inflow of spinal fluid. These packs serve the same pur- 
pose as cotton packs against blood clotting within the cavity. Like cotton, 
these larger packs used within the ventricular cavities should be removed at 
the end of the operation, lest they act later as an obstruction to the normal 
flow of spinal fluid. They can be more easily removed by flushing them out 
with syringed saline solution than by any attempts to attach the sponge to 
any suture material. 

In sealing the subarachnoid spaces for a dry operative field in which to 
work, the gel strips saturated with saline solution have been very helpful. 
In performing 5th nerve root section, the continued flow of spinal fluid 
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Fig. 3. Temporal approach for posterior Fig. 4. Spinal cord tumor at conus. 
root section in trigeminal neuralgia. 


ofttimes interferes with accuracy of differential section or even in identifying 
the motor branch of this structure. A small strip of gel sponge tucked ante- 
riorly into the exposed subarachnoid cavity and a second strip inserted 
between the motor and sensory divisions of the nerve posteriorly allow a 
dry visualized area for operation. A sealing of the ganglion dissected area 
(Fig. 3) after the nerve section has been effected has been a routine practice 
with a better feeling of security against sinus bleeding and the extradural 
collection of spinal fluid. By packing above and below, well into the pontine 
angle, in rhizotomies on the 8th and 9th nerves with the patient in a prone 
position, spinal fluid flooding can be minimized. In spinal cord procedures, 
small strips of gelfoam have been utilized in “packing off” the subarachnoid 
spaces as a guard against a flooding of the operative field with spinal fluid 
and the escape of blood from the operative site into the normal fluid path- 
ways. This has been very effective, not only in operations for spinal cord 
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tumors (Fig. 4) but in unilateral laminectomies where chordotomies have 
been performed. In short, the gelatin sponge has been satisfactorily substi- 
tuted for cotton pledget packings and as a brain covering protection for 
retractive purposes. 

The more useful purpose, other than the original intent for which gelatin 
sponge was developed, in the author’s experiences, has been in the effective- 
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ness with which surgical “‘dead space” has been eliminated. An enumeration 
of some of the more common experiences is all that seems necessary. The 
application of this principle to surgery of the chest, liver, aneurysms, and 
orthopedic procedures appears obvious. In any operation where cavitation 
is to result and where physical pressure cannot be sufficiently maintained, [ 
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the use of gelatin sponges might be indicated. In hemilaminectomies, for the 
obliteration of the epidural “dead space” after partial laminal and ligamental 
sacrifices have been performed, the smaller gelatin strips have been used 
routinely (Fig. 5). In extensive laminectomies (Fig. 6), where 4 to 10 laminal 
arches and posterior spines have had to be removed, certainly wound 
healing has been per primum. This has been true, both when the dura, by 
necessity of decompression efforts, was left open and when it was closed. In 
the former cases there have been no spinal fluid collections necessitating 
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Fig. 7. Anterior lobe resection for brain tumor. 


aspiration,nor have any fistulae developed. These are rare postoperative com- 
plications, but they have occurred in the past, and so far, in a statistically 
ralueless number of cases in which gelatin packs were used, no wound healing 
complications have developed. 

The obliteration of a “dead space” after a lobe resection (Fig. 7) is quite 
open to question, for the simple reason that resection has been freely per- 
formed with no serious difficulties in the past before any obliterating mate- 
rial was available. On the other hand, one should not hesitate to utilize new 
adjuncts if there are possibilities of improvement over proven older methods. 
Since it is our routine to either wire the osteoplastic flap in situ or discard 
it entirely, there has never been the old problem of the bone flap “riding 
up” from underlying spinal fluid collections and tissue swellings. Since using 
gelatin packs for the obliteration of spaces from lobe resections for underly- 
ing or intrinsic tumors, the massive edemas of the sealp, face and neck sub- 
sequent to these procedures have been gratifyingly minimized. Eechymotic 
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eyelids are not seen in the wards as commonly as they once were. It is more 
likely that the reduction of the edema is the result of sealing of the subarach- 
noid spaces and of preventing the escape of blood into the subcutaneous 
tissues by hemostasis in the operative area, than that it is due to a specific 
“space-obliteration” factor. On the other hand, filling the space prevents the 
small isolated strips utilized for hemostasis from dislodging. In most in- 
stances, when a cavity or space is filled with fluid, isolated stamps will be 
floated off their original implanted areas. This fact must also be kept in mind 
in using small packs within the cerebral ventricles. 

After the total dissection of brain abscesses (Fig. 8) where it is necessary 
to aspirate or dissect out these lesions piecemeal, gelfoam strips have been 
used, not only for hemostasis, but as carriers for penicillin as well as to fill 
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Fig. 8. Brain abscess. 


the large medullary cavities that have remained. This is much more effective 
in maintaining cerebral expansion than using saline solution. In eliminating 
the “dead space” after the radical extirpation of diseased skull in cases of 
osteomyelitis, the foam has again been utilized as a drug carrier (Fig. 9). 
In the five cases in which this has been done, all wounds healed by primary 
intention and in only one instance has it been necessary to aspirate for a sub- 
galeal accumulation of blood. 

In cranioplasties where large tantalum plates have been inserted, the 
dural exposure has been covered with a split thickness of the largest sized 
gelatin sponge, the other half being placed over the plate in juxtaposition to 
the scalp. In only one out of nine of these cases has aspiration been necessary. 
In the repair of massive myelomeningocele (rhachischisis) where undermin- 
ing of the skin into the flank is necessary to gain room for skin closure, gel- 
foam strips have been resorted to for the obliteration of the mass space re- 
maining. It has been proposed to utilize the gelatin material for filling a 
counter-incision in the scalp or any other skin surface when such an incision 
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might be necessary to gain a primary wound closure. The rapidity of its 
absorption in the brain would not suggest that this is a suitable material, 
but in surface wounds it might serve as a network for granulation tissue de- 
velopment. This theoretical venture might prove useful in plastic surgical 
efforts. In infra-orbital nerve avulsions, the introduction of suitably sized 
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Fic. 9. Osteomyelitis of skull. 


gelfoam has reduced the postoperative edema and ecchymosis of the cheek 
and eyelids. The placement of a large thin strip of foam outside the skull when 
the scalp has been dissected from off the skull, either in traumatic or elective 
undertakings, has certainly improved the physical healing of these wounds 
and has materially reduced the indications for so-called “flap aspirations.” 


SUMMARY 
In summarizing the clinical experiences with gelatin sponge, it would 
appear that the more rugged textures of the human body tolerate this uni- 
versal protein with no untoward effects as far as tissue healing is concerned. 
Aside from its uses reported by the original authors, there appear to be other 
needs that it may fulfill for the neurosurgeon, and it is suggested that the 
material can be useful in other fields of surgery. 
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RESECTION OF THE GREATER SUPERFICIAL PETROSAL 
NERVE IN THE TREATMENT OF 
UNILATERAL HEADACHE* 


W. JAMES GARDNER, M.D., AVERILL STOWELL, M.D., anp 
ROBERT DUTLINGER, M.D. 


Department of Neurosurgery, Cleveland Clinic, Cleveland, Ohio 
(Received for publication October 12, 1946) 


. G. WOLFF,** whose opinions regarding headache certainly com- 
mand respect, has stated that from the data available six basic 
mechanisms of headache from intracranial sources may be formu- 
lated: 

Headache may result from (1) traction on the veins that pass to the venous sinuses from 
the surface of the brain and displacement of the great venous sinuses; (2) traction on the mid- 
dle meningeal arteries; (3) traction on the large arteries at the base of the brain and their 
main branches; (4) distention and dilatation of intracranial arteries; (5) inflammation in or 
about any of the pain-sensitive structures of the head; and (6) direct pressure by tumors on 
the cranial and cervical nerves containing many pain afferent fibers from the head. 


Of these six mechanisms, only one can conceivably be responsible for any 
significant proportion of cases of chronic recurring headache. That mechan- 
ism is distention and dilatation of intracranial arteries, which is the theme 
of this paper. 

In the latter part of November 1940, 3 patients with a strikingly similar 
clinical picture were observed simultaneously. These patients were subject 
toattacks of excruciating unilateral head pain recurring once to several times 
a day, lasting from 30 minutes to a few hours, and frequently awakening 
them from sleep. The pain was deep and boring, limited to the periorbital 
and retro-orbital areas. It caused the patient to pace the floor, and nothing 
appeared to give relief. The attacks were accompanied by profuse lacrima- 
tion, nasal discharge, and nasal obstruction, all limited to the side of the 
headache. To the neurophysiologist these objective signs indicate excitation 
of the greater superficial petrosal nerve, which is the parasympathetic por- 
tion of the facial nerve. Therefore, it was presumed that the unilateral head 
pain accompanying these phenomena was also due to abnormal parasym- 
pathetic discharges coming over this same nerve. In other words, these pa- 
tients were presumed to have a “neuralgia”’ of the greater superficial petro- 
sal nerve. 

In 1939 Horton, MacLean, and Craig" described this syndrome and sug- 
gested the term “‘erythromelalgia of the head.” 

Horton" in 1941 redescribed the condition and because of its response to 
histamine therapy suggested the name “histaminic cephalgia.” 

In searching for a physiologic explanation as to how an excitation of the 


* Presented at the meeting of the Harvey Cushing Society, October 10, 1946, Boston, Massachusetts. 
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greater superficial petrosal nerve could cause unilateral head pain, it was 
found that in 1932 Cobb and Finesinger* collaborated with Chorobski 
and Penfield! in a series of physiologic and anatomic studies on this nerve. 
From a review of the literature these authors showed that the greater super- 
ficial petrosal nerve carried secretory fibers for the lacrimal gland and secre- 
tory and vasodilator fibers for the mucous membrane of the nasal cavity. 
As a result of their own investigations they showed that this nerve carries 
somatic afferent fibers from the dura mater, internal carotid artery, and 
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Fig. 1. Diagram showing the course of the vasodilator nerve fibers for the cerebral blood 
vessels, according to Chorobski and Penfield.! 


sphenopalatine ganglion to the ganglion cells in the geniculate ganglion. Of 
greatest significance in the present consideration, however, was their demon- 
stration that the greater superficial petrosal nerve carries vasodilator fibers 
to the ipsilateral cerebral hemisphere (Fig. 1). In 1940 when Schumacher, 
Ray, and Wolff!? showed that cerebral vasodilatation causes headache, the 
chain of evidence was complete. 

To recapitulate, in view of the above evidence it appears that periodic 
discharges of parasympathetic impulses over the greater superficial petrosal 
branch of the 7th nerve should cause unilateral lacrimation, unilateral swell- 
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ing and secretion of the nasal mucosa, and unilateral head pain. Since these 
were the outstanding symptoms in the 3 cases described above, a diagnosis 
of “greater superficial petrosal neuralgia” appeared justified. It remained, 
however, to be shown that interruption of the nerve would relieve the 
attacks. One of these 3 patients was operated wpon. 


CASE REPORTS 


Case 1. A man, aged 48, was first seen on Nov. 28, 1940, complaining of headaches of 6 
weeks’ duration. The attacks occurred daily, lasted from 2 to 6 hours, and frequently awak- 
ened him from sleep. They consisted of intense pain at the outer end of the right eyebrow, 
radiating into the cheek, accompanied by profuse lacrimation and congestion of the right 
eye, and obstruction and discharge from the right nostril. 

There were no significant physical or neurologic findings. The blood pressure was 140/80, 
the blood count was normal, and the blood Wassermann reaction was negative. X-rays of the 
skull and sinuses were negative. The patient stated that his pain was intolerable, and he 
begged for relief. Resection of the greater superficial petrosal nerve on the floor of the middle 
fossa of the skull was recommended. 

The operation was performed on Dee. 5, 1940, under pentothal anesthesia. Employing 
the usual approach to the gasserian ganglion, the dura was elevated from the floor of the 
middle fossa, and with a dental applicator a bit of cotton was forced into the foramen spino- 
sum, after which the middle meningeal vessels were divided. The dura was elevated further 
medially until the hiatus fallopii and groove of the greater superficial petrosal nerve were 
exposed. The nerve could be seen leaving the hiatus and traversing the groove until it dis- 
appeared beneath the lower portion of the gasserian ganglion. The nerve was picked up on a 
nerve hook, divided, and a portion of it removed. 

Following operation the pain was completely relieved. Tear function was markedly dim- 
inished in the right eye, as measured by the Schirmer test. 

Following his discharge from the hospital on the 6th postoperative day the patient de- 
veloped a mild superficial keratitis in the right eye. This healed promptly following the appli- 
cation of a watch crystal shield. When least heard from 2 years after operation he reported 
that he had not experienced another attack and that lacrimation was still diminished in the 
right eye. 


In searching for the manner by which this operation could relieve head 
pain, three possible mechanisms are disclosed. The first and most attractive 
is that the operation interrupts abnormal parasympathetic discharges which 
are causing dilatation of the cerebral, meningeal, and nasal mucosal blood 
vessels, the resulting pain of this dilatation being transmitted over the fila- 
ments of the 5th cranial nerve. 

A second possible explanation is that the operation interrupts painful 
impulses coming over the geniculate somatic afferent fibers (described by 
Chorobski and Penfield’) from the dura, internal carotid artery, and vidian 
nerve. 

Third, the relief might be due to the incidental interruption of the super- 
ficial temporal artery, the middle meningeal artery, or the lesser superficial 
petrosal nerve, or perhaps to psychic factors incidental to hospitalization and 
operation. 

A great deal has been written on the subject of headache and the mechan- 
ism of intracranial pain, but the possible role of the greater superficial petro- 
sal nerve has been overlooked. Under the title of sphenopalatine ganglion 
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neuralgia, Sluder!®:?°?! undoubtedly encountered cases similar to that de- 
scribed above. In fact, the anatomic and physiologic findings of Chorobski 
and Penfield! suggest that irritation of the sphenopalatine ganglion could, by 
an axon reflex, be responsible for an ipsilateral cerebral vasodilatation with 
accompanying intracranial pain. The fact that so few cases of unilateral head 
pain can be relieved by cocainization of this ganglion indicates that this 
mechanism is not often operative. In Vail’s conception of vidian neuralgia” 
the causative lesion is sphenoiditis, but again this theory can account for a 
very small percentage of cases of head pain. 

In his cases of “‘geniculate neuralgia,” Ramsey Hunt" described pain 
deep in the ear and deep in the face. The presence of unilateral head pain was 
not stressed in this syndrome. He did not take into account the work of Cobb 
and Finesinger*® and Chorobski and Penfield! on the anatomy and physiology 
of the greater superficial petrosal nerve, most of whose fibers lie in close 
proximity to but actually by-pass the geniculate ganglion. 

‘ay’ described the syndrome of atypical facial neuralgia and his opera- 
tive procedures in 19 cases in an attempt to relieve it. The neuralgia which he 
was treating consisted of chronic attacks of deep, dull, aching pain in the 
eye, malar region, about the ear, and down the neck, worse at night, throb- 
bing in character, and associated with tenderness to deep pressure over the 
arterial branches of the neck and head. He believed that this type of pain 
probably finds its port of entry to the brain and consciousness through 
branches given off by the vagus nerve which associate themselves with the 
large cranial vessels and travel with the sympathetic nerves. 

The work of Chorobski and Penfield had not appeared at the time of 
Fay’s writing. 

Broadly considered, there are seven methods by which attempts have 
been made to relieve neuralgias of the head: (1) the use of drugs during the 
attack in order to raise the pain threshold or to alter the tonus of smooth 
muscle; (2) the correction of an underlying constitutional factor by an al- 
tered regimen or desensitization procedure; (3) the treatment of extracranial 
factors such as ocular muscle imbalance and cervical arthritis; (4) the re- 
moval of lesions causing pressure on cranial or upper cervical nerves; (5) 
the surgical interruption of pain impulses en route to the seat of conscious- 
ness; (6) the ligation of branches of the external carotid artery; and (7) the 
surgical interruption of efferent sympathetic impulses to smooth muscle. So 
far as we have been able to discover there has been no previous attempt to 
relieve headache by surgical interruption of parasympathetic impulses.* 

In treating neuralgias other than typical trigeminal or glossopharyngeal 
neuralgia, the resection of somatic afferent nerves has seldom proved success- 
ful. This is, no doubt, due to overlapping in distribution of the sensory fila- 
ments of the 5th, 7th, 9th, and 10th cranial and 2nd and 3rd cervical nerves. 
This failure has led the surgeon to attempt to correct a presumed abnormal 


* Clark,? however, reported a case of tic douloureux of the geniculate ganglion relieved by division 
of its sensory root. 
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physiologic state by interrupting the sympathetic nerve supply to the 
head.4°-5 194 Sympathectomy, however, has also usually failed. The cause 
of this failure is obvious in the light of the work of Schumacher, Ray, and 
Wolff!’ showing that cerebral vasodilatation and not vasoconstriction causes 
headache. 

In reviewing our cases we found that since 1938 the greater superficial 
petrosal nerve has been divided 31 times in 26 patients for the relief of uni- 
lateral head pain. The types of cases could be separated into three groups: 
“petrosal neuralgia,” migraine, and miscellaneous. We continued to use the 
term “petrosal neuralgia” even after Horton’s further description of the 
syndrome" in 1941 for the following reasons. In our cases we seldom observed 
signs that could not be due to impulses coming over the greater superficial 
petrosal nerve. That is, the unilateral engorgement of cutaneous vessels 
and unilateral sweating described by Horton were seldom found. Secondly, 
in only the occasional case could a typical attack be precipitated by histam- 
ine or could the attacks be relieved by histamine desensitization. Thirdly, 
the term “greater superficial petrosal neuralgia” or simply “petrosal neu- 
ralgia”” appeared to be more descriptive. The continued use of this term, 
however, may well be questioned, since all patients with this syndrome are 
not helped by dividing the nerve. 


THE SYNDROME DESCRIBED BY HORTON 
(Petrcsal Neuralgia) 

In this group there were 18 cases including Case 1 reported above, and 
the greater superficial petrosal nerve was divided 17 times. Of the 13 patients, 
3 had attacks on both sides. These cases satisfied most of the criteria laid 
down by Horton for “histaminie cephalgia,” except that typical attacks were 
not induced by histamine injection and, as stated above, the attacks were 
not usually accompanied by obvious unilateral cutaneous vasodilatation or 
sweating. The ages varied between 23 and 52, the average being 34 years. 
There were 10 men and 3 women. They had their attacks for an average of 
4 years, the attacks recurring in series lasting perhaps 2 to 3 months with 
free intervals of 2 to 12 months. The individual attacks lasted from } to 6 
hours and occurred from 8 times a day to once in 2 days. Alcohol was recog- 
nized as a precipitating factor in 2 cases. In none was there a history of 
familial headache. 

Two of these patients had bilateral operations, and in 1 case in which 
the pain recurred the nerve was divided a second and a third time. Since 
these cases are so similar clinically, we shall describe only the results of the 
operation. 

Case 1, described above. There was immediate and complete relief of pain when the pa- 
tient was last heard from 2 years after operation. 

Case 2. The attacks continued into the 2nd postoperative day, then ceased for 4 months. 
Since this time efforts to trace the patient have failed. 
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Case 3. The pain was immediately and completely relieved for 2 years, recurred mildly 
for 2 years, and then resumed its former severity. This patient’s longest free interval in 7 
years preceding operation was 2 months. 

Case 4. A previous ligation of the middle meningeal artery gave no relief. Resection of the 
greater superficial petrosal nerve was followed by mild attacks for 3 weeks, then complete 
relief for 3 years, followed by recurrence. 

Case 5. The operation was followed by no change in the attacks except that they were no 
longer accompanied by lacrimation. 

Case 6. The attacks were immediately relieved. This patient noticed a return of normal 
tear function 4 months after operation, and 18 months after operation her attacks recurred. 
A 2nd operation disclosed some tissue resembling a regenerated nerve in the groove leading 
from the hiatus fallopii. This was divided, and the peripheral stump was treated with the 
cautery. The eye was again dry and the headaches were relieved. There was some return 
of tear function 17 months after the 2nd operation, and 2 months after this the attacks re- 
curred. The nerve was divided again with immediate relief of the attacks. 

Case 7. The attacks, though otherwise typical, were not accompanied by lacrimation. At 
the Ist operation merely the middle meningeal artery was divided. This resulted in complete 
relief for 3 months, when the attacks recurred. Six months later the greater superficial petrosal 
nerve was divided. This was followed by diminishing attacks which ceased after 6 weeks and 
had not recurred 17 months later. 

Case 8. The patient had only slight improvement in his left-sided headaches following 
operation. For 4 months after operation the attacks were not accompanied by tearing. Eight 
months after operation he reported a change in the character of the headaches. They seldom 
occurred any longer at night and usually appeared during meals. At this time he reported that 
severe lacrimation from the affected eye began a few minutes after he started to eat and that 
this lacrimation was frequently followed in a few minutes by left frontotemporal pain. 

Case 9. ‘The operation was followed by relief from the original attacks, although 6 months 
after operation the patient was complaining of some pain below the eye where she had not had 
it before. 

Case 10. The attacks of pain were limited to either eyeball and were not accompanied by 
lacrimation. Resection of the left petrosal nerve gave immediate relief of the left-sided at- 
tacks, so 2 months later the right nerve was divided. This was followed by no relief of the right- 
sided attacks and by a recurrence of the left-sided attacks 2 months later. 

Case 11. The attacks also occurred on both sides but were otherwise quite typical. Resec- 
tion of the left petrosal nerve abolished lacrimation on the left side, and the attacks were less 
severe, but there was scarcely enough benefit to justify operating upon the other side. 

Case 12. The operation was followed by ‘90 per cent relief’ when the patient reported 9 
months later. He thought that his remaining pain was “‘due to something else.” 

Case 13. The attacks occurred on both sides. Four days after dividing the left petrosal 
nerve the patient was free of pain on that side and wished to have the other nerve divided. 
This was done and was followed by milder attacks for 1 week and then complete relief when 
the patient was last heard from 7 months after operation. 


In trying to express the value of the operation, from the above survey 
it seems fair to say that the results were excellent in 25 per cent, fair to good 
in 50 per cent, and failures in 25 per cent of the cases. In the failures it is 
obvious that neither the efferent nor afferent impulses responsible for the 
attacks were interrupted. This means that the attacks of headache in these 
sases were not due to vasodilator impulses originating in the 7th nerve sys- 
tem central to the point at which the nerve was divided. Since this operation 
constitutes a preganglionic neurectomy it would not be expected to relieve 
head pain due to discharges of vasodilator impulses if they originated in the 
system peripheral to the point of surgical interruption. 
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In this group, with one or two exceptions, there was no recognizable 
difference in the clinical picture of the patients who obtained good results and 
those who did not. 


MIGRAINE 

Of the 26 patients who had a resection of the greater superficial petrosal 
nerve for the relief of unilateral head pain, 9 were fairly typical cases of 
migraine. Of these, 7 were women and 2 were men. The youngest patient 
was 27 and the oldest 62. The average age was 41, and the average duration 
of the headaches was 13 years. The headache was always unilateral at the 
onset, though more diffuse than in the preceding group. The attacks were 
preceded by an aura in 6 cases, accompanied by nausea and vomiting in 7, 
and there was a history of familial headache in 5. The average duration of 
the attacks was 48 hours; the average interval 7 days. Four of these patients 
had obtained some relief with ergotamine tartrate. The results of operation 
in these cases were as follows. 

Case 14. The patient had immediate and complete relief when last heard from 19 months 
after operation. 

Case 15. There was immediate and complete relief for 17 months when last seen. 

Case 16. There was relief for 3 months, but 8 months after operation the patient reported 
that he was having some headache though probably not the same kind. 

Case 17. There was relief for 7 months, when the attacks recurred following a head injury 
in an automobile accident. 

Case 18. The patient was relieved for 6 months, and then the attacks recurred. 

Case 19. The patient reported 4 attacks in 10 months, as compared with 5 or 6 per month 
before operation. 

Case 20. The patient reported no attacks 13 months after operation. 

Case 21. The attacks were only slightly less frequent and severe than they had been before 
operation. 

Case 22. 'The patient had attacks on both sides. Operation on the left side relieved the left- 
sided attacks for 11 months. Four months after this operation the patient returned to have 
the right nerve cut, after which the right-sided attacks were greatly reduced in frequency 
and severity but not entirely controlled. 


The above results suggest that resection of the greater superficial petrosal 
nerve is more apt to relieve classical migraine than the syndrome described 
by Horton. In view of Schumacher and Wolff’s'!® demonstration that the 
pain of migraine is due to extracranial vasodilatation, one cannot deny that 
the incidental ligation of the superficial temporal arteries may have been a 
factor in the relief in these cases. This aspect of the problem must be inves- 
tigated further. 


MISCELLANEOUS 
The results of the operation in the 4 remaining cases were as follows. 


Case 23. This was the first case in which the greater superficial petrosal nerve was in- 
tentionally resected. The patient was a woman of 38 with a constant, severe, dull, throbbing 
pain in the left eye and ear of 11 years’ duration, associated with a chronic left mastoiditis. 
The petrous apex was explored with negative findings on Sept. 8, 1938, after which the greater 
superficial petrosal nerve was divided. The patient had a dry eye but no relief of pain following 
the operation. 
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Case 24. The patient was a man of 64 with postherpetic neuralgia of the ophthalmic divi- 
sion of the 5th nerve. The operation gave him no relief. 

Case 25. A man of 56 with early malignant hypertension had almost continuous pain in 
the left temple which could not be relieved by compression of the temporal or carotid arteries. 
Resection of the nerve was followed by relief of pain for 4 months, after which it returned. 

Case 26. This was a patient of 32 with post-traumatic unilateral headache of 12 years’ du- 
ration. It was not benefited by spinal air insufflation nor by ligation of the middle meningeal 
artery. Resection of the greater superficial petrosal nerve was followed by definite improve- 
ment but not complete relief when last seen 11 months after operation. 


COMPLICATIONS AND SEQUELLAE 

The patients were usually aware of diminution of tears on the denervated 
side, though they seldom complained of it. On crying, tears would flow only 
from one eye. Irritating vapors introduced into the nostril on the denervated 
side produced no lacrimation. The Schirmer test (a filter-paper wick in the 
conjunctival sac) in each case showed less moisture on the operated side. 
The patients occasionally stated that the nostril felt drier. In some cases 
there was demonstrated a diminution of pain and tactile sensation of the 
nasal mucosa on the operated side. There was no noticeable difference in 
‘aliber of the conjunctival vessels. In 6 instances the tear function returned 
within 2 to 4 months (Cases 4, 6, 8, 17, 18, 23), but in most cases it remained 
decreased throughout the period of observation, in 1 case for 4 years. In 1 
‘ase the operation was followed by Horner’s syndrome, due probably to 
injury to the carotid plexus. Following the 31 operations a facial paralysis 
developed in 7 instances. It appeared most commonly on the 4th postopera- 
tive day and with one exception cleared completely 4 to 8 weeks later. In 
one case, a facial paralysis, which developed within 24 hours after operation, 
did not begin to clear up for 8 months, and recovery was not complete for 5 
months. The incidence of facial paralysis was higher in the early operations, 
when it was the surgeon’s practice to elevate the greater superficial petrosal 
nerve on a nerve hook, thus making traction upon it before dividing it. This 
practice was later discontinued, and the nerve was divided in its groove by a 
curved scalpel. With this precaution the incidence of facial palsy has been 
reduced. Placing a silver clip on the peripheral stump of the nerve appears to 
retard regeneration, as indicated by rate of return of tear function. Two 
patients developed a postoperative keratitis which was indistinguishable 
from that following resection of the sensory root of the 5th nerve except 
that since the cornea retained its sensitivity, the condition was painful. 
The keratitis, which was merely the result of drying of the cornea, cleared 
promptly when evaporation of tears was retarded by sealing the eye behind 
a watch crystal. 

Stimulation of the exposed greater superficial petrosal nerve was per- 
formed a few times, but the results were partly obscured by the anesthesia 
and also by the proximity of other nerves, particularly the carotid plexus 
and the lesser superficial petrosal nerve. 

The return of tear function 4 months after operation in Case 6 and its 
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subsequent elimination by a second resection of the nerve offers convincing 
proof that preganglionic parasympathetic fibers can regenerate. In Case 8 
the late development of unilateral lacrimation and head pain while eating 
suggests that the fibers of the central stump of the divided lesser superficial 
petrosal nerve became misdirected and grew into the peripheral stump of 
the greater. Thus, secretory impulses originating in the 9th nerve and des- 
tined for the parotid gland reached the lacrimal gland, while vasodilator 
impulses from the same source and destined for the parotid gland reached 
the internal carotid artery. This is the only recorded case of crocodile tears 
resulting from injury to the 7th nerve distal to the geniculate ganglion. 
It lends further proof to Ford’s theory of misdirection of regenerating nerve 
fibers*’’ in the explanation of this syndrome. 

The occurrence of temporary facial paralysis and keratitis in these cases 
indicates that when these complications occur after resection of the sensory 
root of the 5th nerve they are due to incidental trauma to the greater super- 
ficial petrosal nerve, as maintained by Rowbotham.":!® 


SUMMARY 
Acting on the hypothesis that some varieties of unilateral headache may 
be due to vasodilator discharges over the parasympathetic portion of the 
7th nerve, the authors divided the greater superficial petrosal nerve 31 times 
in 26 patients. Most of these patients were benefited, some were not. The 
complications and sequellae of the operation are described. The operation 
provides a useful tool in the study and treatment of headache. 
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DERMATOME HYPALGESIA WITH POSTEROLATERAL 
HERNIATION OF LOWER CERVICAL INTER- 
VERTEBRAL DISC 


J. JAY KEEGAN, M.D. 
Department of Surgery, Service of Neurological Surgery, 
University of Nebraska College of Medicine, Omaha 


(Received for publication October 12, 1946) 


HE CLINICAL syndrome of nerve root compression by posterolateral 

herniation of a lower cervical intervertebral disc has been well pre- 

sented in recent articles by Semmes and Murphey,'® Ulmer and Mere- 
dith,?° Spurling and Scoville,!*’ Michelsen and Mixter," Bucy and Chenault,’ 
Elliott and Kremer,’ Bradford and Spurling,’ Young,” Eaton,’ and Mur- 
phey and Meade." It has been brought to attention by these authors that 
pain which extends from the lower cervical spine over the upper scapula 
and down the arm, often with associated numb sensation in some part of the 
hand, commonly is caused by lower cervical dise herniation. Formerly this 
syndrome has been variously diagnosed as brachial neuritis, radiculitis, 
fibrositis, myalgia or reflex pain, with focal infection, cervical arthritis, 
acromial bursitis, cervical rib, scalenus anticus, cardiac or gall bladder dis- 
vase often suspected in etiology. Now it is necessary to re-evaluate this type 
of pain and recognize that it more often is due to nerve root compression 
by herniation of a lower cervical intervertebral disc. Our present state of 
knowledge of this herniation is at the same stage as that of herniation of a 
lower lumbar dise ten years ago when the diagnosis of sciatic neuritis was 
in vogue, with many hypothetical explanations of its cause, now discarded. 

The cervical spine and the lumbar spine are similar in their mobility, 
with frequent forward-bending strain placed upon them and occasional frac- 
ture or dislocation in these regions from violent force. In the lumbar region 
heavy weight bearing on a poor mechanical angle with the sacrum is the 
most important factor in causation of posterolateral herniation of the nucleus 
pulposus of the 5th, 4th and 3rd lumbar intervertebral dises, in this order 
of frequency, whereas fracture-dislocation and hypertrophic arthritis occur 
more frequently in the upper lumbar region. In the cervical spine similar 
stress and strain frequently lead to narrowing and border hyperostosis of the 
lower cervical intervertebral discs, commonly seen in roentgenograms, and 
at this same site fracture-dislocation usually occurs, indicating that this is 
the site of greatest combined strain in the neck. 

Recognition that pathology of the lower cervical discs produces nerve 
root symptoms has antedated recognition of discrete posterolateral cervical 
disc herniation, just as other pathology in the lumbar spine was previously 
used to explain nerve root compression symptoms of disc herniation there. 
Oppenheimer and Turner” have written extensively of what they have 
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termed “discogenctic disease of the cervical spine with segmental neuritis,” 
relating the nerve root pain to narrowing of the intervertebral canal by 
adjacent vertebral border hyperostosis. This very nearly explained the 
mechanism involved, but they did not recognize that the commonest pri- 
mary cause of this hyperostosis and “‘segmental neuritis” was posterolateral 
herniation of the intervertebral disc. 

The early writings on cervical disc herniation pertained more to larger 
midline or transverse herniation into the spinal canal causing spinal cord 






















as 
serere* 


pau _ 
et seetete 


7g Ww 
TCT hb 
oes 


OT 
5 cee = 















—_> 
ING 


OSC 
SSIS 
pS SISOS 
?, 65 
OSC 











\ 
b — ice > 
<< 
IKK KR AX 
2 SSN 
Os Se SOS eS OTE OOO wwe per sesese 
psa sieceane ieee ee 
i) 
4 
0 
v 
u 
uv 
v 


Fig. 1. Dermatome chart of the upper extremity determined by outlining the area of hypalgesia found 
with single nerve root loss in the lower cervical region. 


compression (Stookey'®), just as such reports of occasional large herniations 
in the lumbar region preceded recognition of the more common posterolateral 
discrete nucleus herniation there. The important difference between these 
two types of herniation is that in the lateral small nucleus herniation a single 
nerve root is compressed on only one side, giving rise to distinctly lateralized 
radiating nerve root pain and associated numb sensation which are located 
accurately in the distribution of that nerve root. This localized nerve root 
pain and hypalgesia have been shown by the author®!°" to be diagnostic 
of the site of disc herniation in the lumbar region, where the sensory distribu- 
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tion or primary dermatome hypalgesia pattern for each nerve root has been 
outlined in a large series of surgically verified cases and a new dermatome 
chart for the lower extremity presented. Similarly in the upper extremity it 
will be brought to attention in this paper that a definite dermatome hypal- 
gesia pattern can be outlined for each of the 6th, 7th and 8th cervical nerve 
roots commonly involved by compression of a lower cervical intervertebral 
dise herniation, with added evidence of the dermatome distribution of the 
4th and 5th cervical and 1st thoracic nerve roots (Fig. 1). 

Reference to the literature on single nerve root dermatome areas in the 
extremities is very confusing due to the great variety of standard dermatome 





Fig. 2. Foerster’s (1936)® chart of the sensory dermatomes of the upper extremity. 


charts used for illustration and the prevailing conceptions that loss of a single 
nerve root produces no loss of sensation and that some sensory dermatomes 
are represented only in the distal region of the extremity as shown by Foer- 
ster? (Fig. 2). This subject has been discussed briefly in preceding articles 
dealing with the dermatomes of the lower extremity (Keegan’), and will be 
presented in more detail in a forthcoming article in conjunction with Dr. 
Frederic D. Garrett of the Department of Anatomy. The chief point to be 
stressed here is that definite areas of dermatome hypalgesia for single nerve 
root loss can be found by use of a comparatively simple technique by anyone 
who will test for them carefully and correctly, and that they occur as diag- 
nostic patterns in the upper extremity as well as in the lower extremity. 
The technique of this outlining of a dermatome area of faint reduction of pain sensation is 
quite simple and easy but, judging from the difficulty of others in finding these diagnostic 
areas of hypalgesia, requires some attention to detail and an appreciation of rather slightly 
differing degrees of pain sensation not detected by the ordinary pin stick. The best method is 
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to very lightly draw the nearly vertical pin point over the skin in such manner that the pa- 
tient does not complain of disagreeable pain in the region under study. He states that the pin 
feels sharp but is not painful and there is no tendency to withdrawal or complaint because of 
pain reaction. The degree of pressure varies with individual patients and according to skin 
thickness in different regions. Some patients are so pain sensitive or reactive that very light 
pin touch seems disagreeable and leads to withdrawal, while others are so insensitive or un- 
responsive that they will not easily make fine distinction of differing degrees of pain. This 
usually can be overcome by explanation to the patient and gaining his cooperation. Testing by 
pin stick is less reliable than pin scratch because of the varying penetration of the pin point, 
with too painful reaction, and lack of continuity of the stimulus. Likewise touch sensation 
cannot be used reliably because of its faint stimulus which varies too much with thickness of 
skin and the presence of hairs. Temperature sensation by ice tube can be used reliably but is 
not as convenient nor as sharply differentiated as the pain sensation of light pin scratch. A 
medium-sized safety pin opened to a right angle permits good hand control, except at pro- 
jecting bone borders or tendon ridges. It is difficult to delimit areas of hypalgesia accurately on 
the fingers or toes because of the lack of continuity of the pin scratch. 

The first procedure in detecting an area of single nerve root involvement is to obtain from 
the patient an accurate description or indication of the location of the radiating pain or numb 
sensation. Too often in the past the examiner has been satisfied with the gross description of 
“down the leg or arm” or has accepted the patient’s diagnosis of ‘‘in the hip joint and sciatic 
nerve,” “in the shoulder and arm,” often omitting an earlier location and sequence which re- 
lates the onset of trouble to the spine. If asked, the patient usually will indicate a more exact 
distribution of the radiating nerve root pain, and will locate the subjective numbness in one 
or two fingers or toes. Testing this accurately located area of pain radiation or numbness by 
light pin scratch and comparing it with adjoining areas often will register the response of ‘not 
quite so sharp” in the involved area. But even where this differentiation is not present, draw- 
ing the pin lightly from the suspected area around the arm or leg usually will elicit a very 
definite and constant reaction of increased sharpness when the normal skin area is entered. 
Frequently the patient tends towards withdrawal at this transition line or accuses the ex- 
aminer of pressing harder. 


It should be emphasized that the dermatome areas thus outlined, which 
do not seem to overlap significantly, are areas of detectable hypalgesia from 
single nerve root loss and probably represent the primary innervation, not 
the entire distribution of each nerve root. In agreement with Foerster,® 
there must be considerable secondary overlap innervation for each nerve 
root, otherwise analgesia in the primary area would be found with single 
nerve root loss. In fact at times a very faint paralleling strip of hypalgesia 
‘an be found on each side of the primary dermatome hypalgesia by the light 
pin scratch technique, about half the width of the primary zone. This 
greater overlap innervation probably accounts for the tendency of subjective 
“asleep” sensation or paresthesia to extend beyond the primary dermatome 
hypalgesia area. 

The writers on posterolateral cervical disc herniation thus far seem to 
have had difficulty outlining consistent areas of sensory reduction in the 
arm and hand in their reported cases. Semmes and Murphey,'® reporting 
4 cases of compression of the 7th cervical nerve root, found ‘‘pronounced 
hypesthesia and hypalgesia over the entire index finger, extending to the 
metacarpophalangeal joint, with slight reduction of sensation in the middle 
finger in 3 cases, also weakness in flexion of the index finger.” Ulmer and 
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Meredith,”® in 2 cases of 8th cervical nerve root compression, described 
hypesthesia over the ulnar border of the left hand including the little, 
ring and middle fingers in one case, but only subjective prickly feeling of 
the little, ring and middle fingers in the other case. Spurling and Scoville'® 
reported 12 cases of lateral rupture of the cervical intervertebral dises, in 
11 of which there was subjective numbness, with objective sensory loss in 9 of 
these: 3 of the 6th root, 5 of the 7th root and 1 of both 6th and 7th roots. 
They presented a chart representing these areas of sensory disturbance for 
the 6th and 7th cervical nerve roots. Michelsen and Mixter,’ reporting 8 
ggg found impairment of sensation in some parts of the upper extremity 
in 7. “There was involvement of the scapula, the anterolateral aspect of the 
“soa arm, the antecubital space, the radial side of the forearm and the 
thumb and index finger” with compression of the 6th cervical root. ‘The 
scapula, the dorso-lateral aspect of the upper arm, the dorsal aspect of the 
forearm and the index and middle fingers were affected by compression of the 
7th cervical root.’” Compression of the 8th cervical root “produced sensory 
abnormalities of the scapula, the inner side of the upper arm and forearm and 
the little finger.” No chart representing these areas was shown but compari- 
son was made with Foerster’s® chart of the distribution of the cervical derma- 
tomes (Fig. 2), with the statement that “‘one also may infer that the areas in 
which this pain and the other sensory abnormalities occurred represented the 
dermatomes supplied by the affected posterior roots.”” Bucy and Chenault,? 
in a case of 7th cervical nerve root compression, found ‘‘an area of hypal- 
gesia, hypesthesia and hypothermesthesia over the right thumb and the 
index and middle fingers and on the radial border of the forearm, as shown 
in the illustration.”” Murphey and Meade" reported that “with compression 
of the 6th cervical nerve root, numbness and hypesthesia on the lateral 
aspect of the forearm and thumb and index finger may be present. With 
compression of the 7th cervical nerve root, there may be hypesthesia of 
the index and middle fingers.”” From these reports it is evident that there 
is fairly consistent finding of areas of sensory reduction with compression 
of a single lower cervical nerve root by posterolateral herniation of a cervical 
intervertebral disc, contrary to Foerster’s® statement that “division of a 
single nerve root produces no loss of sensibility.”” There now is similar near 
agreement that this statement is not true in reference to the lower extremity 
and it seems time that it be disregarded. Also, it is noteworthy that Michel- 
sen and Mixter™ reported sensory disturbance over the scapula and upper 
arm in most of their cases and found difficulty harmonizing this location with 
Foerster’s® dermatome chart (Fig. 2). 

Applying the light pin scratch technique described earlier in this paper, 
the author has been able to find and outline a definite dermatome area of 
hypalgesia for each of the 4th, 5th, 6th, 7th, and 8th cervical nerve roots in 
51 clinical eases with history indicative of herniation of lower cervical inter- 
vertebral disc, with added anterior primary division of the Ist thoracic nerve 
root in 10 cases of cervical rib or sealenus anticus syndrome (Fig. 1 and Table 
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1). Selected case reports from this series with photographs of the areas plotted 
are presented, with surgical verification of the lesion in 13 cases. This has 
been confirmed further by similar findings in X-ray controlled novocaine 
injection of individual nerve roots in 10 medical student volunteers,* which 
will be reported in more detail in a separate paper. 


TABLE 1 


Clinical cases and student injections showing single nerve root dermatome hy palgesia 


Dermatome Cases Students Total Operation Verified 

tth Cervical 3 l 1 0 1 
5th Cervical 6 | 7 0 1 
6th Cervical 9 2 11 5 7 
7th Cervical 19 l 20 3 1 
8th Cervical 14 3 17 3 6 
Ist Thoracic 8 Q 10 2 1 

Total 59 10 69 13 °3 


DISCUSSION 

Although not all of the clinical cases upon which this report is based have 
been proven by operation as to nerve root involved, they do show consistently 
similar areas of dermatome hypalgesia distribution for each nerve root, in 
4 cases for the 4th cervical, 7 cases for the 5th cervical, 11 cases for the 6th 
cervical, 20 cases for the 7th cervical, 17 cases for the 8th cervical, and 
8 cases for the Ist thoracic nerve root, with surgical verification of the 
lesion for each of the 6th, 7th, and 8th cervical and 1st thoracic nerve roots. 
The histories of the clinical cases all are so similar and characteristic of the 
now recognized syndromes of lower cervical nerve root compression by 
posterolateral cervical disc herniation and lower brachial cord compression 
by cervical rib or scalenus anticus muscle that it seems fair to assume that 
they represent lesions of this type. 

The most distinguishing symptom of the lower cervical nerve root syn- 
drome, to differentiate it from brachial plexus and peripheral nerve syn- 
dromes, is the location of early pain over the upper medial scapular region 
associated with neck movement. This scapular pain is comparable to the 
rather constant: “hip” or gluteal pain found associated with lumbar disc 
herniations, interpreted by the author" as due to early contact of the most 
posteriorly situated fibers of the posterior primary division of the nerve root 
against the ligamentum flavum or lamina as the root is displaced posteriorly 
by the herniation. Upper medial scapular pain should not be present when 
pressure or pathology is located lower down on the brachial plexus, as with 
cervical rib or scalenus anticus compression of the lower primary cord, and 
the hypalgesia distribution would be different. This is illustrated by Case 

* Medical students injected: L. H. Blattspieler, R. Chesnut, E. Davis, R. Geesaman, T. Hubbard, 
J. Laws, W. MeQuillan, L. Morgenstern, H. Rodman, V. Worthman. 
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No. T1-1, a typical example of bilateral scalenus anticus syndrome with 
cervical ribs. In this case the area of hypalgesia plotted includes the anterior 
primary division of two roots, the 8th cervical and Ist thoracic, extending 
posteriorly only to the outer border of the scapula and anteriorly into the 
infraclavicular region, with a wider total area along the anteromedial sur- 
face of the arm than for the 8th cervical nerve root alone (Fig. 10). Another 
example of this hypalgesia pattern is Case No. C6-3, with the scalenus syn- 
drome probably secondary to 6th cervical nerve root compression by hernia- 
tion of the underlying intervertebral disc. Another interesting feature of this 
scapular pain with cervical disc herniation is that it frequently has been 
misinterpreted as reflex gall bladder pain, depending on the side on which it 
is located. It might be called to attention that reflex pain from gall bladder 
disease is located at the lower angle of the scapula, which is in the 8th thora- 
cic segmental level of the gall bladder innervation, not the upper region of 
the scapula where lower cervical root pain is referred. Visceral reflex pain 
‘cannot leave the peripheral distribution of the segmental innervation of the 
organ from which it arises, nor can it have any peripheral manifestation 
other than pain and hyperalgesia (Lewis!?). 

Josey and Murphey* have emphasized the occurrence of anterior pecto- 
ral pain which in some cases of cervical dise herniation is easily confused with 
vardiac angina. Although this symptom was found in only 3 cases, No. 
C7-9, C7-10 and C7-11, and then not characteristically in the author’s series, 
it undoubtedly does occur and herniation of a cervical dise should be con- 
sidered in cases of suspected cardiac angina without clearly demonstrated 
cardiac pathology. The presence of subjective numbness or objective hypal- 
gesia in the arm, in distinction from pain radiation, should rule out a reflex 
phenomenon from the heart. 

Another symptom necessitating cervical location of the pathology in 
shoulder and arm syndromes is the definite tenderness to pressure over in- 
volved cervical vertebrae, particularly when pressure over the transverse 
process or ligamentum flavum of one side produces pain or tingling sensation 
which radiates down the arm, or when downward pressure on the head 
towards the side of the lesion sends radiating pain or tingling sensation into 
the arm in characteristic nerve root distribution. 

Identification of the single nerve root involved by posterolateral cervical 
dise herniation is based chiefly on the appreciable loss of sensation, both sub- 
jectively and objectively, which can be found in these cases, although the 
distribution of the radiating shoulder and arm pain is of some value in iden- 
tifying the nerve root involved if the patient is asked to trace the course 
of the pain accurately. The most definite loss of sensation occurs in the hand, 
particularly in the fingers or thumb, consistent with the recognized greater 
representation of some arm dermatomes in the distal region of the extremity. 
However, the patient often will detect subjectively a “different,” “asleep” 

feeling which extends up the arm to the deltoid region or beyond, accurately 
placed in the skin distribution of the compressed nerve root. The best identi- 
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fication of this sensory loss or reduction is by testing with light pin scratch 
as explained in the first part of this paper. Then the area of subjective numb 
or ‘“‘asleep’”’ sensation becomes sharply defined as a continuous strip of 
hypalgesia extending in constant location from the most involved fingers or 
thumb, in lesser but definite degree up the arm and over the shoulder to the 
lower cervical spine. In this manner the dermatome hypalgesia area for each 
of the 4th, 5th, 6th, 7th, 8th cervical and Ist thoracic nerve roots has been 
found in 69 cases (Fig. 1 and Table 1). 

This finding of a definite area of reduced sensation from single nerve root 
compression, stretching or section which extends continuously from the 
most distal region of the extremity to the spine is contrary to the general 
conception of sensory nerve root representation in the extremity (Sherring- 
ton,!? Head,’ Foerster’). The most illuminating evidence that detectable 
sensory and motor loss does occur in the arm from single nerve root loss is 
found in 2 clinical cases presented in this paper, No. C7-1 and No. C8-1, 
which are well worth reading by those who are inclined not to read detailed 
case reports. In Case No. C7-1 (see Fig. 6) the dermatome areas for both the 
7th and 6th cervical nerve roots were demonstrated and established by 
operation. The 7th root loss occurred primarily from discrete nucleus hernia- 
tion beneath this root, while the 6th root loss was produced by traction on 
this root during operation. This misplaced traction led to postoperative 
subjective numbness of the thumb, which was added to the preoperative 
numbness of the index and middle fingers. But more disturbing than this 
was the marked motor weakness thus produced in the arm from functional 
loss of two nerve roots, which emphasizes the necessity of considerable care 
and skill in doing such an operation to avoid this paralysis. Fortunately 
such a stretched nerve root will regain its motor function, either rapidly if 
slight damage is done or by slow regeneration if the damage is great enough 
to interrupt the axis cylinders. However, there is some question if sensory 
axis cylinder interruption at this preganglionic site on the nerve root ever 
will regenerate, due to lack of nerve sheath to follow in the proximal central 
nervous system (Young”’). 

The second clinical case report worthy of careful study is No. C8-1 
(see Fig. 8). This man developed isolated 8th cervical nerve root compres- 
sion, proven by operation, and with this there not only was definite subjec- 
tive and objective sensory loss of 8th cervical dermatome distribution, but 
also quite evident motor loss and atrophy of the small muscles of the hand. 
Cases like this surely disprove the common statement originally made by 
Foerster® that “division of a single nerve root produces no loss of sensibility.” 
Another significant observation in connection with this case is the necessary 
differentiation from the scalenus anticus syndrome of compression of the 
lower primary cord of the brachial plexus, or from the common ulnar nerve 
involvement at the elbow, both of which produce numb sensation and sen- 
sory loss in the little and ring fingers, also atrophy of the small muscles of 
the hand. As emphasized earlier, the presence of pain over the upper medial 
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scapula in the cervical root syndrome best distinguishes it from the other 
two, although tracing of the sensory dermatome of hypalgesia over the 
scapula in the distribution of the posterior primary division of the involved 
nerve root would rule out brachial plexus or peripheral nerve lesion. 

The value of this finding and recognition of a diagnostic dermatome 
hypalgesia pattern for single nerve root identification is considerable, both 
in clinical neurology and neuro-anatomy. Using this technique it is possible 
to localize the single nerve root involved by posterolateral herniation of an 
intervertebral dise more accurately than by use of the complicated spino- 
gram. Also the single nerve root syndrome is so constant and definite in these 
vases that there seems little warrant for the spinogram or claiming multiple 
nerve root involvement or multiple dise herniations based only on a symp- 
tomless protrusion of a dise at a different level. Occasionally difficulty is 
encountered with this method of single nerve root localization by variable 
number of ribs or transitional types of vertebrae at the lumbosacral junction. 
However, it has been found that the numerical position of the nerve root is 
maintained constantly in relation to the total series of vertebrae, counting 
7 cervical, 12 thoracic and 5 lumbar regardless of number of ribs or transi- 
tional vertebrae. Thus the 5th lumbar nerve root identified by dermatome 
hypalgesia is found to emerge in a constant position between the 24th and 
25th vertebrae of the total series, regardless of anatomical or pathological 
abnormality seen in X-rays or questionable defects in the spinogram. This 
evidence will be presented in a forthcoming article dealing with nerve root 
relations to abnormalities of the lumbar and cervical spine. 

‘The upper level of a spinal cord compression lesion likewise can be local- 
ized more accurately by the light pin scratch technique than by pin stick. 
Thus the faintest hypalgesia can be detected and will identify the seg- 
mental level involved at an early time when uncertain localization by other 
methods makes spinogram seem necessary. 

The usefulness of these new dermatome charts of the extremities, deter- 
mined by detectable hypalgesia from single nerve root loss, is shown in Fig. 
3, in which the generally accepted dermatome pattern of the trunk is added 
to make a complete dermatome chart of the human body. In this chart a 
logical serial sequence of all the dermatomes extending outward from the 
spine is shown and should clarify the present confusion in anatomical teach- 
ing of the dermatomes. 


SUMMARY 


The clinical syndrome of lower cervical dise herniation now is clearly 
established and should be recognized as a fairly common cause of pain ex- 
tending from the lower neck over the scapula and down the arm with numb- 
ness of one or more digits of the hand. 

Unilateral herniation of a cervical disc compresses only one nerve root 
and gives rise to detectable sensory and motor loss in the distribution of that 
root. 
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Objective reduction of pain sensation or hypalgesia from single nerve rcot 
loss can be demonstrated by the technique of light pin scratch and disproves 
the tenet that loss of a single nerve root produces no loss of sensibility. 

Diagnostic dermatome hypalgesia has been found in 51 clinical cases 
with history indicative of compression of a lower cervical nerve root by her- 
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Fig. 3. Complete dermatome chart of the human body with new pattern in the extremities (stippled), 
based upon hypalgesia from single nerve root loss. 


niation of an intervertebral disc, presenting a new primary dermatome pat- 
tern for each of the 4th, 5th, 6th, 7th and 8th cervical nerve roots. 

Kight clinical cases of cervical rib or scalenus anticus muscle compression 
of the lower primary cord of the brachial plexus are presented to illustrate the 
distribution of the anterior primary division of the Ist thoracic and 8th 
cervical nerve roots, thus presenting a new diagnostic finding for this syn- 
drome. 











col 
pal 
me 
ent 


ext 
cal 


tai 
val 
int 
or 


be 


rat 
mo 


up} 


der 
ant 
bor 


du 
ext 
vic 


pa 
to 

ex 
an 





ec 


al A 


ed), 


at- 


ion 
the 
Sth 
yn- 











DERMATOME HYPALGESIA WITH CERVICAL DISC 


A most important distinguishing symptom of lower cervical nerve root 
compression by herniation of an intervertebral disc is the early location of 
pain over the upper medial scapular region associated with neck move- 
ment, indicating posterior primary nerve root division distribution not pres- 
ent in brachial plexus or peripheral nerve lesions. 

The presence of subjective and objective numbness or hypalgesia in an 
extremity is evidence of an organic lesion of a nerve to the extremity and 
cannot be classified as reflex pain. 

Nerve roots, determined by dermatome hypalgesia distributions, main- 
tain a constant position in the total vertebral series, regardless of anatomical 
variations of vertebrae, and their location in relation to herniation of an 
intervertebral dise is more reliable than pathology of dises shown by X-ray 
or spinogram findings. 

A new dermatome chart of the human body is presented which should 
be useful in clinical neurology and anatomical teaching. 


CASE REPORTS 
FOURTH CERVICAL DERMATOME HYPALGESIA 


Case No. C4-1. Mr. G.H., age 50. This man developed a “catch” in his neck following 
rather forceful chiropractic treatment, variable and with a “‘pop” sensation at times on 
movement of his head forward or backward. With this there was pain and tingling over the 
upper border of the right trapezius muscle, not extending into his arm, relieved lying down. 

Examination showed a definite area of slightly reduced pain sensation over the upper bor- 
der of the right trapezius muscle, extending from the acromion to the midcervical spine and 
anterior neck. X-rays of cervical spine showed slight irregularity of the anterior vertebral 
borders adjoining the cervical dise between the 3rd and 4th vertebrae, otherwise normal. 

Diagnosis: Right 4th cervical nerve root compression by herniation of intervertebral disc. 

Case No. C4-2. Mrs. A.M., age 43. 

Case No. C4-3. Mr. G.D., age 60. 

Student No. C4-1. Mr. J. L. 


FIFTH CERVICAL DERMATOME HYPALGESIA 


Case No. C5-1. Miss J.V., age 17, complained chiefly of right-sided headaches of 2 years’ 
duration following a neck injury, with no shoulder or arm pain or numb sensation and general 
examination negative. Because some such headaches have seemed to be related to upper cer- 
vical spinal pathology, a study was made of this region. 

Examination of the right arm showed a faint but fairly definite dermatome strip of hy- 
palgesia on the anterolateral surface, beginning at the wrist and extending over the shoulder 
to the lower cervical region anteriorly and posteriorly (Fig. 4). This was found on repeated 
examinations and was supported by X-ray finding of reversal of curvature between the 4th 
and 5th cervical vertebrae on forward bending. 

Diagnosis: Intervertebral disc pathology compressing the right 5th cervical nerve root. 


Case No 
Case No 


3 Mrs. L.S., age 36. 

© 
Case No. C. 

mb 

* 


3. Miss T.Y., age 23. 

4. Mrs. P.F., age 32. 
Case No 5. Mrs. L.O., age 43. Operation. 
Case No 6. Mrs. L.H., age 26. 
Student No. C5-1. Mr. H. R. 
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SIXTH CERVICAL DERMATOME HYPALGESIA 


Case No. C6-1. Mrs. L.V., age 37. At operation for characteristic 7th cervical nerve root 
syndrome (see Case No. C7-1), considerable traction was applied to the left 6th cervical nerve 
root. After operation the patient complained of added numbness of the left thumb and dis- 
turbing motor weakness in left arm, which was not present before operation. 

Examination by light pin scratch showed an added strip of reduced pain sensation which 
included the thumb and extended upward along the anterolateral arm and over the acromion 
and suprascapular region to the cervical spine, along the anterior border of the previously out- 
lined 7th cervical dermatome hypalgesia (see Fig. 6). Evidently enough traction had been 
placed on the 6th cervical nerve root to cause its paralysis and, when added to the preceding 
loss of function of the 7th cervical nerve root, resulted in temporary disturbing motor paraly- 











Fig. 4. Case C5-1. Dermatome hypalgesia of 5th cervical nerve root. 


sis in this arm and emphasizes the care necessary in exploration of more than one brachial 
nerve root. 
Diagnosis: Left 6th cervical nerve root paralysis from surgical traction. 


Case No. C6-2. Mrs. J.R., age 38, developed pain in her left lower neck with radiation down 
this arm to the thumb and index finger with numb sensation more in the thumb. The pain was 
increased by coughing, sneezing or rotation of the neck to the left, or flexion or extension of 
the neck. Her neck had been injured in an automobile accident a few months previously. 
Symptoms were not relieved by traction and conservative treatment. 

Examination by light pin scratch showed a definite strip of reduced sensation extending 
from the left thumb up the lateral arm and over the shoulder to the lower cervical spine (Fig. 
5). This did not include the index finger but later testing with lighter scratch detected an ad- 
ditional bordering zone of very faint hypalgesia which included the index finger. This was in- 
terpreted to represent secondary or overlap nerve root innervation, which occasionally can be 
outlined with single nerve root loss. X-rays showed a narrowed disc between the 5th and 6th 
cervical vertebrae with reversed angulation and some vertebral border hyperostosis at this 
level. 


Diagnosis: Left 6th cervical nerve root compression by herniation of intervertebral disc. 
Surgery was recommended because of long period of disabling pain. 
Operation: Left 5th and 6th cervical laminectomy. The left 6th cervical nerve root was 
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found flattened and adherent over a definite rather firm herniation of the underlying disc, 
with no motor response to mechanical stimulation. The left 7th cervical nerve root was ex- 
plored without traction or trauma and found free, with active motor response. 


Case No. C6-3. Mrs. V.E., age 35, developed episodes of pain in her neck, right shoulder 
and arm, first associated with swimming 6 years previously, with history of a severe backward 
snap of her neck in an auto accident the year before that. The present attacks of pain come 
with physical fatigue and become intolerable, described as like a toothache with the nerve 
exposed. The neck gets stiff and painful over the lower cervical spine. This extends into the 
right suprascapular muscles, and over the acromion and deltoid to the antecubital region, lo- 





Fig. 5. Case C6-2. Dermatome hypalgesia of 6th cervical nerve root with fainter overlap distribution. 


cated in these areas rather than radiating. No numb sensation has been noted, but some burn- 
ing sensation in her hand, not well localized. Venous congestion and sweating also have been 
noted in this hand associated with attacks. Loss of motor control has been indicated by in- 
ability to play the piano as before and tendency to drop things with this hand. 

Examination by light pin scratch outlined a fairly definite strip of faintly reduced pain 
sensation which extended from the right thumb up the lateral arm and over the acromion and 
suprascapular region to the lower cervical spine. Also there was found a similar strip of faint 
hypalgesia, which included the little and ring fingers and extended up the inner side of the 
arm to the axilla, where it stopped posteriorly at the lateral border of the scapula and extended 
anteriorly below the clavicle to the sternum. X-rays of the cervical spine showed narrowing 
and hyperostosis of the intervertebral dise between the 5th and 6th cervical vertebrae, with 
definite narrowing of the right 6th cervical intervertebral canal by this hyperostosis. 

Diagnosis: Compression of right 6th cervical nerve root by herniation and hyperostosis of 
intervertebral disc, with secondary right scalenus anticus compression of the inferior primary 
cord of the brachial plexus, composed of anterior primary divisions of the 8th cervical and Ist 
thoracic nerve roots. 

Operation: Laminectomy. Decompression of right 6th cervical nerve root over hyperostosed 
herniated intervertebral disc. 

Progress: Immediately following operation patient noted numbness of right thumb and in- 
dex finger, more in the thumb, and testing by pin scratch outlined more definite right 6th 
cervical dermatome hypalgesia than before operation. 
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Case No. C6-4. Dr. W.R.N., age 49, developed very sharp pain in the right suprascapular 
region one morning when awakening. This pain continued and later extended over the acro- 
mion and down the posterolateral arm into the thumb, with numb sensation noted on the tip 
of the thumb and occasionally in the Ist finger in lesser extent. The pain was made worse by 
moving his head and neck or with his arm down. The numbness in the right thumb prevented 
him from doing his dental work. 

‘xamination by light pin scratch showed a faint but definite strip of reduced pain sensa- 
tion extending from the thumb up the lateral arm and over the acromion and suprascapular 
region to the cervical spine. 

Diagnosis: Right 6th cervical nerve root compression by herniation of intervertebral disc. 

Operation: Decompression of right 6th cervical nerve root over intervertebral disc herniation, 


Case No. C6-5. Mr. H.M., age 45, developed rather sudden onset of an “electrical” sensa- 
tion in the left thumb shortly after jumping out of a chair to answer the telephone. He was 
not aware of neck injury but the whole arm and shoulder became involved later with radiating 
pain and tingling sensation which seemed to go out the end of his thumb. This extended from 
the lower cervical spine over the top of the shoulder down the outer side of the arm to the en- 
tire thumb. Elevating or turning his head to the left made the symptoms worse. For a time 
he could not use his left hand well and tended to drop things. 

Examination by light pin scratch showed a strip of definitely reduced pain sensation or 
hypalgesia which included the entire thumb and was traceable upwards along the lateral bor- 
der of the forearm and upper arm over the acromion and upper scapula to the lower cervical 
spine. X-rays of the cervical spine showed some anterior vertebral border hyperostosis around 
the dise between 5th and 6th vertebrae. 

Diagnosis: Left 6th cervical nerve root compression by herniation of intervertebral dise. 


Case No. C6-6. Mrs. C.W., age 40, developed pain which extended from the back of her 
neck into the right shoulder (suprascapular and acromial region) down the outer side of her 
arm to the thumb, with numb sensation in the thumb and sometimes a slight “funny” sensa- 
tion in the Ist finger. Movement of her neck sent pain into this arm and pressure over the 
lower neck caused pain and a “grating” sensation. She had injured her neck in two automobile 
accidents. 

Examination by light pin scratch showed a definite strip of reduced pain sensation which 
extended from the right thumb up the lateral arm and over the acromion and suprascapular 
region to the lower cervical spine. There was analgesia on the palmar surface of the end of the 
thumb and faint hypalgesia could be detected along the outer side of the index finger. Con- 
siderable atrophy was found in the supraspinatus, infraspinatus and teres major muscles, not 
in the deltoid. X-rays showed a narrow dise between the 5th and 6th cervical vertebrae with 
some surrounding vertebral border hyperostosis. . 

Diagnosis: Right 6th cervical nerve root compression by herniation of intervertebral disc. 

Operation: Decompression of right 6th cervical nerve root over intervertebral disc hernia- 
tion. 


Case No. C6-7. Dr. H.E.H., age 40, developed aching in right anterolateral upper arm at 
night for 6 to 8 months, extending to forearm and over top of shoulder to the neck, with 
prickly, “‘asleep” feeling in thumb. The pain was made worse by use, with soreness in right side 
of neck and upper shoulder. This arm function seemed impaired, particularly in elevation of 
arm at shoulder with some prominence of medial border of scapula noted by patient when arm 
was held straight laterally. 

Examination by light pin scratch showed a well defined strip of faintly reduced pain sen- 
sation extending from the thumb and radial side of the Ist finger up the lateral arm and over 
the acromion and supraclavicular region to the lower cervical spine. The right biceps tendon 
reflex was absent, the left active. X-rays of the cervical spine showed narrowing of the inter- 
vertebral disc between the 5th and 6th cervical vertebrae with some bordering hyperostosis. 
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Diagnosis: Compression of right 6th cervical nerve root by herniation of intervertebral 
dise, confirmed by operation. 


Case No. C6-8. Dr. 'T.L.H., age 42, developed tingling sensation in his left thumb rather 
suddenly with severe stiff neck, soon followed by a boring pain in his biceps, with absent 
biceps tendon reflex. Two months later he noted some pain over his upper left scapula but 
more pain in the anterolateral arm. Neck traction improved the numbness and pain but he 
still had tingling sensation in his left thumb. 

Examination by light pin scratch outlined a definite strip of faintly reduced pain sensation 
extending from his left thumb up the anterolateral arm over the shoulder and suprascapular 
region to the lower cervical spine. X-rays showed narrowing and hyperostosis of the dise be- 
tween the 5th and 6th cervical vertebrae. 

Diagnosis: Compression of.left 6th cervical nerve root by herniation of intervertebral 
dise. 

Case No. C6-9. Mr. O.S., age 52. 

Student No. C6-1. Mr. L.M. 

Student No. C6-2. Mr. R. C. 


SEVENTH CERVICAL DERMATOME HYPALGESIA 


Case No. C7-1. Mrs. L.V., age 37, developed sudden severe pain in the left upper medial 
scapular region when she braced her head against the bed and twisted her neck as she was get- 





Fic. 6. Case C7-1. Dermatome hypalgesia of 7th cervical nerve root with added postoperative 6th cervical 
hypalgesia from traction. 


ting out of bed. This pain soon extended over the suprascapular region and acromion and 
down the posterolateral arm to the wrist, with numb sensation in the first 3 fingers, not in the 
thumb or little finger. The involved fingers felt cold and paralyzed, more noticeable in the 1st 
and 2nd fingers and later involving only these 2 fingers, with a noticeable area of numbness 
extending into the palm of the hand to the wrist. The subjective numb sensation later was 
noted extending from the first 2 fingers up the posterolateral arm to the deltoid region, de- 
tected by a different “feeling” as she rubbed this strip with her right hand as far as she could 
reach. She could not lie down or turn her neck without increasing the pain. 

Examination showed her pacing the floor with intolerable pain in her left shoulder and arm 











130 J. JAY KEEGAN 


as described above. Pressure over the left 6th and 7th cervical transverse processes posteriorly 
caused pain which radiated down the shoulder and arm. Her characteristic pain also was re- 
produced by downward pressure on the head, right lateral flexion of the neck and abduction 
of the left arm. Sensory testing by light pin scratch outlined a definite area of reduced pain sen- 
sation or hypalgesia which extended from the left index and middle fingers up the postero- 
lateral arm and over the suprascapular region to the lower cervical spine (Fig. 6). The finger 
hypalgesia extended on the palmar surface of the hand to end in a point at the wrist, corre- 
sponding to an area of subjective numbness. The triceps tendon reflex was reduced on this 
side; motor power difficult to test because of pain inhibition. X-rays of the cervical spine 
showed an old fusion between the bodies of the 5th and 6th cervical vertebrae with anterior 
angulation of the spine at this site and near obliteration of this intervertebral disc. The disc 
between the 6th and 7th cervical vertebrae appeared normal in width and outline. 

Diagnosis: Acute herniation of the nucleus pulposus of the intervertebral dise between the 
6th and 7th cervical vertebrae with compression of the left 7th cervical nerve root. The ob- 
literative pathology of the dise above this was interpreted as an old lesion not related to 
present acute symptoms. Surgery was recommended for relief of intolerable 7th cervical nerve 
root pain. 

Operation: The left 6th cervical lamina was removed, exploring the left 6th and 7th cervi- 
cal nerve roots. The 6th root, mistakenly identified as the 7th, was explored first, and con- 
siderable traction was applied to it searching for a herniation on the underlying sclerosed dise. 
Correction of identification of vertebrae then was made and an easily removed nucleus pulpo- 
sus herniation found beneath the 7th cervical nerve root. 

Postoperatively there was immediate satisfactory relief of the left shoulder and arm pain, 
but patient complained of added numbness in the thumb which was not present before opera- 
tion, and also marked weakness in motor power of this arm at the elbow and shoulder, not 
present before operation. Recheck of the area of hypalgesia now showed the added inclusion 
of the thumb and a narrow strip up the arm laterally (Fig. 6), interpreted as left 6th cervical 
nerve root hypalgesia due to operative traction on this nerve root. There was thus identified in 
this patient, beyond much question, the dermatome hypalgesia distribution of both the 7th 
and the 6th cervical nerve roots. Satisfactory recovery of motor function occurred during fol- 
lowing weeks. 


Case No. C7-2. Mrs. R.K., age 40, was awakened with “terrific” pain in her right shoul- 
der, located over the spine of the scapula. She had had “‘cricks”’ in her neck many times during 
the preceding 2 years, usually developing at night with pain located mostly to the right side 
of her lower cervical spine. The shoulder pain with this attack was so severe that morphine 
had to be given for relief. The pain soon extended down her arm in a definite posterolateral der- 
matome strip to the Ist and 2nd fingers, which later felt numb. There was no subjective numb- 
ness of the thumb at any time but occasionally slight numb sensation on the radial side of the 
3rd finger. The pain gradually subsided during 2 weeks as the numbness of the first 2 fingers 
increased. At this time she also noticed weakness in use of her right arm as in combing her hair, 
not so noticeable in her hand. The numbness of her fingers persisted, although somewhat vari- 
able, with some “stinging” sensation in her 2 fingers with use. 

Examination showed no evident atrophy, motor weakness nor reflex loss in her right arm 
or hand, but testing by light pin scratch showed a very definite strip of reduced pain sensation 
or hypalgesia extending from the Ist and 2nd fingers up the dorsum of the hand and radial 
wrist along the posterolateral arm and over the acromion and suprascapular region to the 
lower cervical spine (Fig. 7). On the palm this hypalgesia extended in a wedge-shaped area to 
the wrist. X-rays of the cervical spine showed a definitely narrowed and immobile dise be- 
tween the 6th and 7th cervical vertebrae with anterior vertebral border hyperostosis around 
this dise. 

Diagnosis: Right 7th cervical nerve root compression by herniation of intervertebral disc. 


Case No. C7-3. Dr. R.L., age 57, injured his neck at age of 12 years diving into shallow 
water and since then has been aware of some limitation of neck movement, with occasional 
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“catch” or “crack” sensation. Pain extended into his right upper scapular region a few years 
ago when he was practising a golf swing, trying to hold his head still as his shoulders rotated. 
When he coughed it “felt like his whole shoulder would blow out.”” Within a week he devel- 
oped pain and tingling in his right arm and hand, located chiefly in the first 2 fingers but also 
in the adjoining borders of the 3rd finger and thumb, the palm and the back of his hand feeling 
like it was scalded. This was followed by definite numbness in the 1st and 2nd fingers, chiefly 
in the Ist finger, which could be increased by bringing his head back or turning it to the right. 
An aching sensation extended along the anterolateral surface of his arm and over his shoul- 
der, associated with an “asleep” sensation in his hand and arm. 

Examination by light pin scratch outlined a definite strip of faintly reduced pain sensation 
which extended from the first 2 fingers over the dorsoradial hand along the lateral arm and 





Fig. 7. Case C7-2. Dermatome hypalgesia of 7th cervical nerve root. 


over the acromion and suprascapular region to the lower cervical spine. A wedge-shaped area 
of hypalgesia was found in the palm. X-rays showed some narrowing and border hyperostosis 
of the dise between the 6th and 7th cervical vertebrae, with reversal of curvature at this level 
in the hyperextended position. 

Diagnos 
dise. 





: Compression of right 7th cervical nerve root by herniation of intervertebral 


Case No. C7-4. Mrs. L.F., age 48, developed sudden very severe pain in the right upper 
scapular region one night in bed, although for a long time she has had variable pain in the 
right “shoulder blade” associated with a stiff neck. This time the pain was so severe she could 
hardly breathe and could not get her head off the pillow. Very soon she noticed that the Ist 
and 2nd fingers became numb and that this numb sensation extended up the posterolateral 
arm. The acute pain later was replaced by continuous aching, made worse by movement of 
her head or arm. After a long automobile ride 3 weeks later she noticed increased pain and 
numbness. Sneezing and coughing cause shooting pain down the posterolateral arm which 
“nearly kills’ her. The right hand has seemed weak since the onset. 

Examination by light pin scratch showed a very definite strip of reduced pain sensation or 
hypalgesia extending from the first 2 fingers up the dorsum of the hand and posterolateral arm 
over the acromion and suprascapular region to the lower cervical spine. Also a wedge-shaped 
area of hypalgesia was found on the palm. Some atrophy and weakness of the supraspinatus, 
infraspinatus and teres major muscles were noted; no alteration of tendon reflexes. 
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Diagnosis: Right 7th cervical nerve root compression by herniation of intervertebral disc. 


Case No. C7-5. Mr. W.G.K., age 46, developed pain which extended from the lower cervical 
spine over the right suprascapular region and posterolateral arm, following the drawing of 
blood for transfusion. This aching continued with some numbness developing in the Ist and 
2nd fingers. His shoulder and arm pain was increased by bringing his head backward, so he 
tended to sit and walk with his head held well forward. 

Examination by light pin scratch showed a definite strip of faintly reduced pain sensation 
extending from the first 2 fingers over the dorsum of the hand, up the posterolateral arm and 
across the acromion and suprascapular region to the lower cervical spine, with a wedge-shaped 
area of hypalgesia in the palm to the wrist. X-rays showed narrowing of the disc between the 
6th and 7th cervical vertebrae. 

Diagnosis: Compression of right 7th cervical nerve root by intervertebral disc herniation. 


Case No. C7-6. Mrs. M.G., age 20, developed pain in the right upper medial scapular re- 
gion extending down the lateral arm to the hand, related in onset to a right neck injury and 
soreness 3 years previously and increased by heavy work. The most persistent pain has been 
in the upper medial scapular region and lateral to the elbow. Numbness in the tips of the Ist 
and 2nd fingers has been noted, with tingling sensation extending to the 3rd finger and thumb 
and also in lesser degree up the lateral arm and over her shoulder. 

Examination by light pin scratch showed a definite strip of faintly reduced pain sensation 
extending from the first 2 fingers up the lateral arm, and over the acromion and suprascapular 
region to the lower cervical spine, with a wedge-shaped area of hypalgesia in the palm. Pares- 
thesia or tingling sensation also was plotted by passing the pin point from the normal to the 
involved zone, and was found to extend 1-2 em. beyond and parallel to the hypalgesia zone, 
the full length of the dermatome. This was interpreted as representing the overlap innervation 
of this nerve root. 

Diagnosis: Compression of right 7th cervical nerve root by intervertebral disc herniation. 


Case No. C7-7. Mr. H.B., age 40, developed sharp pain which began in his left middle finger 
following an injury and extended up the posterolateral surface of the arm with dull ache in 
the shoulder and a drawing sensation in the neck. Before this he had noted some electrical 
shock sensation in this finger while working. Numb sensation developed in the middle finger, 
extended to ring finger, index finger and thumb, later under neck traction disappeared from 
thumb and ring finger, tending to return in thumb when traction off. The pain was more se- 
vere when he was lying down, often necessitating that he sleep sitting up. 

Examination by light pin scratch showed a definite strip of faintly reduced pain sensation 
extending from the index and middle fingers up the lateral arm and over the acromion and 
suprascapular region to the lower cervical spine, with a wedge-shaped area of hypalgesia on 
the palm. - 

Diagnosis: Compression of left 7th cervical nerve root by herniation of an intervertebral 
dise. 


Case No. C7-8. Mr. J.B., age 36, first developed right posterior neck stiffness 1 year previ- 
ously which extended into right suprascapular region when riding a tractor. This shoulder pain 
increased, with some extension down the lateral arm and numbness and loss of power in the 
right hand. The chief numbness was in the middle finger, although some in the Ist finger and 
thumb, extending down laterally from the elbow. This bothered him when screwing bolts on 
machinery and lying in a barber chair “about drove him crazy”’ with pain in his shoulder 
blade. Looking to the right caused shooting pain down his shoulder and arm. 

Examination by light pin scratch showed a definite strip of faintly reduced sensation ex- 
tending from his first 2 fingers up the lateral arm and over the acromion and suprascapular 
region to the lower cervical spine, with a wedge-shaped area of hypalgesia on the palm and 
some paresthesia sensation in the same areas. 

Diagnosis: Compression of right 7th cervical nerve root by herniation of intervertebral 
dise. 
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Operation: A definite small firm dise herniation was found beneath the right 7th cervical 
nerve root, not very satisfactorily removed. 

Progress: Some relief of right shoulder pain but tending to recur with bothersome numb- 
ness in hand, mostly in Ist and 2nd fingers, with remaining 7th cervical nerve root derma- 
tome hypalgesia. 


Case No. C7-9. Mr. T.T.A., age 46, first developed a stiff neck and right upper shoulder 
soreness with pain which descended laterally to the elbow. This disappeared but recurred 6 
months later, this time extending into the Ist and 2nd fingers with numb, “‘asleep’”’ prickly 
sensation, made worse by bending the neck. Some cutting pain was noted in the right pectoral 
region. Pain on the dorsal side of the hand and lateral forearm was quite severe and disabling. 

Examination by light pin scratch showed a definite strip of faintly reduced pain sensation 
extending from the first 2 fingers up the lateral arm to the acromion, not traced further, with 
a wedge-shaped area of hypalgesia in the palm from the first 2 fingers. 

Diagnosis: Compression of right 7th cervical nerve root by herniation of intervertebral 
dise. 


Case No. C7-10. Mrs. F. M., age 40, developed pain in her left shoulder and arm 2 years 
previously, centering at the upper medial border of the scapula and radiating down the 
posterolateral arm to the fingers, not localized to any certain fingers. Coughing has increased 
this pain and it has been much more severe recently, somewhat relieved by traction but recur- 
ring when off. There has been some complaint of lateral pectoral pain. Nine years ago she re- 
ceived a rather severe neck injury requiring a cast for 3 months but with this she had no arm 
pain. 

Examination by light pin scratch outlined a dermatome strip of faintly reduced sensation 
which extended from the first 2 fingers up the posterolateral arm and over the acromion and 
suprascapular region to the lower cervical spine. There was tenderness to pressure over the 
left 6th and 7th cervical transverse processes. X-rays showed a slightly narrowed disc between 
the 6th and 7th cervical vertebrae with reversal of normal curve of the cervical spine at this 
level. 

Diagnosis: Compression of left 7th cervical nerve root by herniation of intervertebral disc. 

Operation: Removal of definite disc herniation tumor beneath the left 7th cervical nerve 
root. 

Progress: Satisfactory recovery from completely disabling left arm pain. 


Case No. C7-11. Mr. R.G.R., age 44, developed stiffness in lower neck posteriorly, ¢ 
months ago. The next day pain extended down over scapula into lateral shoulder and arm to 
index and middle fingers. A particularly sore spot was located at the upper medial angle of the 
scapula and he couldn’t straighten his neck up. The first 2 fingers felt like they were “asleep” 
or frozen. There has been some improvement, except worse again a few days ago. He still tends 
to carry his head forward and has some numbness in the first 2 fingers, not the thumb, pos- 
sibly slightly in the 3rd finger. Motor weakness has been noted in lifting at the elbow, also 
some soreness in the lateral pectoral region, thought possibly heart trouble. Seven months be- 
fore the development of this trouble he fell down some stairs, hit the back of his head and in- 
jured his neck, conscious of some remaining soreness. 

Examination by light pin scratch showed a faint but definite strip of reduced sensation 
extending from his first 2 fingers up the lateral arm and over the acromion and suprascapular 
region to the lower cervical spine. Pressure over the left lower cervical transverse processes 
sends pain into this arm in the exact distribution of the hypalgesia and he tends to hold his 
head forward because of pain. X-rays of his cervical spine showed anterior border hyperostosis 
between 8rd and 4th vertebrae, narrowing of disc between 5th and 6th vertebrae, no signifi- 
cant pathology of disc between 6th and 7th vertebrae. The cervical spine seemed rather fixed 
in the lateral views with hyperflexion and extension. 

Diagnosis: Compression of left 7th cervical nerve root by herniation of intervertebral disc 
between 6th and 7th cervical vertebrae. 
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Case No. C7-12. Mrs. E. B., age 34. 

Case No. C7-13. Mr. J. F., age 51. 

Case No. C7-14. Mr. D.A.B., age 43. 

Case No. C7-15. Mr. H.C.N., age 59. 

Case No. C7-16. Mr. H.R.S., age 46. 

Case No. C7-17. Mr. H.J., age 53. 

Case No. C7-18. Mr. F.R., age 41. 

Case No. C7-19. Mrs. R.F., age 30. 


Student No. C7-1. Mr. L.H.B. 


KIGHTH CERVICAL DERMATOME ILYPALGESIA 


Case No. C8-1. Mr. H.C., age 54, first developed pain over the left scapula which soon 
extended down this arm. The next day he noted numbness on the ulnar side of this hand and 





Fig. 8. Case C8-1. Dermatome hypalgesia of 8th cervical nerve root. 


forearm with loss of grip and ability to open this hand well. The greatest numbness was in 
the little finger although the ring finger “felt sort of numb” at the tip. Movement of his head 
forward caused a “catch” sensation and pain in his left shoulder. He had noticed some “‘wast- 
ing” or atrophy of the small muscles of this hand and was as much concerned about this evi- 
dence of motor paralysis as he was of the intolerable pain of 2 weeks’ duration. 

Examination by light pin scratch outlined a very definite strip of faintly reduced sensation 
extending from the little and ring fingers up the ulnar side of the hand and wrist along the 
posteromedial arm to the posterior shoulder and midscapular region to the junction of cervical 
and thoracic spine (Fig. 8). A similar but slightly larger dermatome area of paresthesia could 
be outlined by stroking the pin from the normal to the involved zone. Testing of temperature 
sensation by ice tube likewise identified the dermatome area. Fibrillations and weakness were 
noted in the triceps muscle and definite atrophy in the small muscles of the hand, with inabil- 
ity to open or close this hand completely on the ulnar side (Fig. 9). Circumference of the left 
forearm and upper arm was 2 cm. less than on the right. Pressure over the scalenus anticus 
muscle and brachial plexus caused no unusual pain, but pressure over the left 7th cervical 
transverse process caused pain in the neck and shoulder. X-rays showed marked narrowing of 
disc between 6th and 7th cervical vertebrae. 
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Diagnosis: Compression of left 8th cervical nerve root by herniation of disc between 7th 
cervical and Ist thoracic vertebrae with sensory and motor paralysis from single nerve root 
loss. 

Operation: A very definite tense compressible herniation tumor was found beneath the left 
8th cervical nerve root. This was satisfactorily removed by splitting through its capsule when 
free nucleus pulposus fibrocartilage extruded itself and was further removed by clamp trac- 





Fig. 9. Case C8-1. Atrophy and motor weakness of left hand from loss of 8th cervical nerve root. 


tion. Exploration of the left 7th cervical nerve root showed no involvement by disc herniation 
tumor. 

Progress: There was prompt relief from left shoulder and arm pain, with gradual recovery 
of sensation and motor function. 


Case No. C8-2. Mrs. R.F., age 30, developed difficulty raising her left arm one morning as 
she got out of bed, with pain in the lower deltoid region. A few weeks later the pain extended 
into the upper shoulder region and down the posteromedial arm to the inner 3 fingers. No 
numb sensation nor atrophy was noted in this hand. The pain continued and was made worse 
by work. 

Examination by light pin scratch showed a definite dermatome strip of reduced pain sen- 
sation which included the little and ring fingers and could be traced along the ulnar side of the 
hand and forearm, over the olecranon and triceps region, across the posterior shoulder and 
midscapular region to the cervicothoracice spine junction. 

Diagnosis: Compression of left 8th cervical nerve root by herniation of an intervertebral 
dise. 


Case No. C8-3. Mr. H.F., age 49, was struck on the back of his neck by an iron pipe and 
immediately noted that both hands felt like fire, at first seeming to involve the entire hands 
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but later only the little and ring fingers. The burning disappeared after a hypodermic injec- 
tion but then he noted a tingling sensation in his hands and that he could not close them well, 
particularly on the ulnar side. This tingling or numb sensation in his little and ring fingers per- 
sisted, with considerable motor disability in the use of his hands and straightening his elbows. 

Examination by light pin scratch outlined a fairly definite dermatome strip of reduced 
sensation which extended from the little and ring fingers up the ulnar side of hand, wrist and 
forearm, over the olecranon, up the posteromedial arm and over the posterior shoulder to 
the cervicothoracic spine junction. There was considerable atrophy of the small muscles of 
both hands and inability to close the ulnar side of the hands or open them completely. 

Diagnosis: Compression of both 8th cervical nerve roots by herniation or protrusion of 
the intervertebral disc between 7th cervical and Ist thoracic vertebrae. 


Case No. C8-4. Mr. A. W. W., age 70, developed neck pain several months ago when he 
was placed in a body cast for lower back injury, during which considerable strain was placed 
on his neck. This pain radiated from the lower cervical spine over both shoulders down the 
posterior arm to the little and ring fingers, with numb sensation in this distribution and 
considerable motor weakness. 

Examination by light pin scratch outlined a definite dermatome strip of reduced pain 
sensation in both arms which extended from the little and ring fingers up the ulnar side of 
the hand, posterior arm and shoulder to the cervicothoracic spine junction. There was fibrilla- 
tion of the trapezius muscles and considerable atrophy of the small muscles of both hands, 
with tenderness to pressure over the 7th cervical spine. 

Diagnosis: Bilateral compression of 8th cervical nerve root over a degenerated and pro- 
truding dise between the 7th cervical and Ist thoracic vertebrae. 

Operation: Bilateral decompression of both 8th cervical nerve roots over a soft protrud- 
ing disc, with prompt relief. 


Case No. C8-5. Dr. H.F.J., age 49, first developed recurrent aching in left shoulder with 
some muscle atrophy, called subdeltoid bursitis. Three or 4 years later he noted pain at the 
base of his neck posteriorly extending over the spines of both scapulae with a peculiar hyper- 
sensitive reaction in skin. Both arms began to fatigue easily, the glove on his left hand felt 
tight and a peculiar tingling sensation was noted in the left little and ring fingers. The right 
hand was similarly involved a few months later and this has persisted, more on the left. He 
noted that flexion of his neck caused tingling in his little and ring fingers, with some burning 
sensation up the medial arm and scapular spine region, with definite shooting, electric feelings 
down the inner aspect of his arms into the ulnar side of both hands and little and ring fingers. 
Some aching was present in his back just medial to the upper scapula. Atrophy of the small 
muscles of his hands was noted, more on the left. 

Examination by light pin scratch outlined a bilateral strip of reduced pain sensation ex- 
tending from the little and ring fingers up the ulnar side of the hand and forearm, postero- 
medial arm, and over the posterior shoulder and scapular spine to the cervicothoracic spine 
junction, more definite on the left. There was evident atrophy of the small muscles of the left 
hand aud of the left trapezius and posterior scapular muscles. Pressure on the top of the head 
and turning to the left caused characteristic tingling sensation extending into ulnar side of 
left arm and hand. 

Diagnosis: Bilateral compression of 8th cervical nerve roots over a degenerated protrud- 
ing disc between 7th cervical and Ist thoracic vertebrae. 


Case No. C8-6. Mr. L.W., age 38, injured his neck in an auto collision and a few months 
later developed a “clicking” or “cracking” sensation in his lower neck on forward or back- 
ward bending, with some pain extending over both shoulders and down the posteromedial 
arms, and some numb sensation in the little and ring fingers and ulnar side of hands. The 
pain was steady and increased by sneezing or exertion. 

Examination by light pin scratch outlined a definite strip of reduced pain sensation in both 
arms extending from the little and ring fingers up the ulnar forearm, posteromedial arm and 
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over the posterior shoulder and scapular spine to the cervicothoracie spine junction. There 
was marked tenderness over the 7th cervical and 1st thoracic spines and an audible “crack” 
was noted in the lower neck on flexion and extension. 

Diagnosis: Bilateral compression of 8th cervical nerve roots over a degenerated protruding 
dise between 7th cervical and Ist thoracic vertebrae. 

Operation: Bilateral decompression of 8th cervical nerve roots over disc protrusion. 

Progress: Satisfactory relief from arm pain but requiring some neck protection. 


Case No. C8-7. Mr. L.T., age 52, developed a “spot” of pain in the left shoulder, located 
near the medial upper angle of the scapula, with numbness in the left arm, as though he had 
slept on it. For several years he has had occasional “‘slipping” sensation in his lower neck 
posteriorly. 

Examination by light pin scratch outlined a rather faint strip of reduced pain sensation 
extending from the left ulnar forearm up the posteromedial arm, over the posterior shoulder 
to the cervicothoracic spine junction. 

Diagnosis: Compression of left 8th cervical nerve root by variable protrusion of a de- 
generated unstable disc between the 7th cervical and Ist thoracic vertebrae. 


Case No. C8-8. Miss D.L., age 18, developed aching pain in her left shoulder, near the 
upper medial angle of the scapula, on the day following an automobile accident. With this 
there was tingling, numb sensation in the ulnar side of the left hand, particularly in the little 
finger. This continued and was treated by neck traction without much relief. Bending the 
neck backward increased the pain and tingling. 

Examination by light pin scratch outlined a definite strip of reduced pain sensation ex- 
tending from the left little and ring fingers up the ulnar side of hand and forearm, postero- 
medial arm and posterior shoulder to the cervicothoracic spine junction. She held her head 
forward and resisted backward bending because of pain. Jugular compression caused a 
tingling sensation down the posteromedial arm to the little finger. Slight small muscle 
atrophy of the left hand was noted. 

Diagnosis: Compression of left 8th cervical nerve root by herniation of dise between 7th 
cervical and Ist thoracic vertebrae. 

Case No. C8-9. Mrs. C.G., age 35. 

Case No. C8-10. Mrs. C.G., age 52. 

Case No. C8-11. Mrs. M.K., age 66. 

Case No. C8-12. Dr. H.A.F., age 58. 

Case No. C8-13. Mrs. A.E.K., age 34. 

Case No. C8-14. Mrs. H.F.J., age 45. 

Student No. C8-1. Mr. E.D. 

Student No. C8-2. Mr. T.H. 

Student No. C8-3. Mr. H.R. 


FIRST THORACIC AND EIGHTH CERVICAL 
Anterior Primary Division Dermatome Hypalgesia 


Case No. T1-1. Mr. P.T., age 21, developed pain and numbness in right arm 18 months 
previously, increasing in severity. The pain began in the right little finger and spread along 
the inner arm to the lateral shoulder, and was increased by ‘‘throwing his shoulders back.” 
The numbness included his right little and ring fingers and extended indefinitely up the ulnar 
side of his hand and forearm. He had noted motor weakness in this hand and arm and wasting 
of the small muscles of his hand. Milder similar symptoms were noted in the left arm and 
hand. 

Examination showed definite atrophy of the small muscles of the right hand and de- 
creased ability to close and open the little and ring fingers. Testing by light pin scratch out- 
lined a definite strip of reduced sensation which extended from the right little and ring fingers 
up the medial arm to the axilla where it stopped posteriorly at the outer border of the scapula 
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and extended anteriorly below the clavicle to the sternum (Fig. 10). A similar but fainter are: 
of hypalgesia was found on the left arm. X-rays showed bilateral short cervical ribs. 

Diagnosis: Compression of lower primary cord of the brachial plexus by cervical rib, with 
hypalgesia representing distribution of anterior primary division of 8th cervical and Ist 
thoracic nerve roots. 





Fig. 10. Case T1-1. Hypalgesia of anterior primary divisions of Ist thoracic and 8th cervical nerve 
roots found with sealenus anticus muscle compression of lower primary trunk of the brachial plexus. 


Case No. T1-2. Mr. R.L., age 59, developed soreness, numbness and weakness of his right 
arm after an operation for strangulated hernia. The entire arm felt dead on the table but 
there was some decrease in numbness after operation, being more noticeable along ulnar 
side of hand, little and ring fingers. Use of this hand was considerably impaired by weakness 
of finger motions with some wasting of small muscles of hand noted. 

Examination by light pin scratch showed a fairly definite strip of reduced pain sensation 
which extended from the little and ring fingers up the inner arm to the axilla where it di- 
vided into two extensions, one anteriorly to the sternum over the Ist intercostal area, and 
the other posteriorly to the lateral border of the scapula. Definite atrophy of the small 
muscles of the hand was present. j 

Diagnosis: Compression or stretching of the lower primary cord of the brachial plexus, 
representing anterior primary divisions of 8th cervical and Ist thoracic nerve roots. 


Case No. T1-3. Mrs. S.K., age 36, first noted pain in front of left shoulder when holding a 
book forward in this hand for considerable time in choir practice. There was no pain on the 
back of the shoulder. This pain extended downwards along the inner side of this arm with 
numbness in her fingers, not well localized. Active use of the arm tended to relieve the symp- 
toms, also using an extra pillow at night to bring her head and shoulders forward. 

Examination by light pin scratch outlined a strip of reduced pain sensation which ex- 
tended from the little and ring fingers over the ulnar side of the hand and as a wider band 
along the ulnar side of the forearm and inner arm to the axilla where it divided into two exten- 
sions, One passing forward to the sternum over the Ist intercostal space and the other pos 
teriorly over the shoulder to the lateral scapular region, not traceable over the scapula to 
the spine as with 8th cervical nerve root compression. X-rays showed no cervical rib. 

Diagnosis: Compression of lower primary cord of the brachial plexus by the scalenus 
anticus muscle. The area of hypalgesia plotted represents the combined distribution of the 
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anterior primary divisions or rami of the 8th cervical and Ist thoracic nerve roots, of which 
the lower primary cord is composed, and does not include the posterior primary division dis- 
th tribution over the scapula. 
st Case No. T1-4. Miss A.C., age 22. 

Case No. T1-5. Mrs. V.E., age 35. (See Case No. C6-3.) 
Case No. T1-6. Dr. A.L.F., age 32. 
Case No. T1-7. Mrs. M.T., age 26. 
Case No. T1-8. Mrs. J.1.., age 32. 
Student No. T1-1. Mr. W. M. 


: : Student No. T1-2. Mr. R.G. 
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EVIDENCE OF ACTIVE INVASION OF DENERVATED 
AREAS BY SENSORY FIBERS FROM NEIGHBOR- 
ING NERVES IN MAN* 


WILLIAM. K. LIVINGSTON, M.D.+ 


(Received for publication October 12, 1946) 


HE MOST important task remaining to be done in the study of peripheral 

nerve casualties from the recent World War, is the evaluation of the 

end-results of surgical treatment. By the use of critical study methods 
we hope to learn to what degree each major nerve may be expected to re- 
cover function after an end-to-end anastomosis, and perhaps to be able to 
state what special techniques should yield the best results. Since the major 
peripheral nerves are mixed nerves, we must evaluate their capacity to re- 
generate sensory, motor and sympathetic nerve fibers. And, in each case 
studied, we must make certain that the recovery of function is properly 
attributable to regeneration in the nerve that has been sutured. 

In the Peripheral Nerve Clinic of the Oakland Naval Hospital, the 
majority of nerve anastomoses were performed weeks or months after the 
nerve had been divided. In that interval there occurred progressive changes 
in the sensory, motor and sweat patterns which might well have been 
ascribed to nerve regeneration, if it had not been demonstrated at operation 
that any degree of regeneration was an impossibility. A few nerve fibers 
might have found their way across the scar tissue intervening between the 
divided nerve ends, yet the fact that resection of the neuromatous ends and 
subsequent suture did not alter these patterns, demonstrated that regenera- 
tion of the fibers in that nerve was a negligible factor. And, during the 
months that followed the nerve anastomosis, before regenerating fibers 
could have reached their cutaneous distribution the same progressive im- 
provement in sensibility was observed. 

Exactly these same observations were made by Pollock and Davis! 
after the first World War. They noted the gradual shrinking of the sensory 
defect, and confirmed the fact that this took place even when the nerve ends 
were widely separated. They established, months after a nerve injury, the 
patterns of “residual sensibility” and the “isolated supply” for each of 
the major nerves, and advanced the view that between these two limits 
Jay the area in which neighboring sensory nerves normally ‘“‘overlap.”’ They 
attributed the gradual return of marginal sensibility to a slow recovery of 
the threshold to stimulation in fibers already present in the zone of overlap. 
They warned the clinician against accepting changes in sensory pattern as 
reliable evidence of regeneration in the injured nerve unless the “isolated 
supply” of that nerve began to recover cutaneous sensibility. This warning 

* Presented at the meeting of the Harvey Cushing Society, October 11, 1946, Boston, Massachusetts. 


{ Formerly Captain, U.S.N.R., U.S. Naval Hospital, Oakland, California. Now at Medical Arts 
Bldg., Portland, Oregon. 
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to the clinician has served a useful purpose in preventing him from misin- 
terpreting his clinical observations. 

Valuable though these studies of Pollock and Davis have been, there is 
accumulating evidence to indicate that their teaching as to “nerve overlap” 
must be modified. Most observers now believe that the normal overlap of 
sensory fibers between neighboring nerves is much less extensive than 
Pollock and Davis maintained, and that the progressive shrinking of the 
sensory defect is largely due to an active ingrowth of sensory fibers from 
adjacent, normally innervated skin areas. Weddell, Guttmann and Gut- 
mann? have shown that after section of the sural nerve in rabbits, the sensory 
fibers from neighboring nerves actively invade the denervated skin. Their 
histological studies indicate that the invasion begins at once, the fibers 
tending to orient themselves toward the denervated zone. The fibers con- 
tinue to grow into this zone, the rate of growth being influenced somewhat 
by the success with which the fibers find pathways favorable to growth. 
When a number of sensory fibers find their way into an empty nerve sheath, 
their growth process is facilitated and the forward progression of the fiber 
tips is accelerated. Eventually, this invasion completely obliterates the sen- 
sory defect created by the permanent sacrifice of the rabbit’s sural nerve. 

As far as I know, this method of histologic confirmation of active sensory 
fiber invasion has not been used for human cases, although there is plenty of 
clinical evidence to show that a similar ingrowth of sensory fibers takes 
place. We have long known that skin grafts become innervated by sensory 
fibers growing out from nerves in the region of the graft. At the Oakland 
Naval Hospital we have studied tube grafts which have been ‘‘walked”’ by 
successive stages to a new graft area, and have seen the grafts acquire sen- 
sibility, which progresses through the same stages observed to take place 
during regeneration after nerve suture. Skin grafts rarely attain an entirely 
“normal” degree of sensibility. Nor is the sensory recovery which takes 
place as a result of “invasion”’ of a denervated zone, likely to be complete. 
However, it occasionally happens that the invasion can progress to a re- 
markable degree. I wish to report briefly on two cases, one to show the extent 
to which invasion can restore cutaneous sensibility in man, and the other to 
indicate the curious intermingling of sensory fibers from several nerves that 
may take place. 

Case 1. The patient was a 23-year-old marine who was wounded in the upper part of his 
right forearm by bomb fragments in August, 1943. His median nerve was severely damaged 
for some distance, but not completely disrupted. These facts were noted during an operation 
performed by Dr. John Carmody 2 months after the man was wounded. The patient was ad- 

mitted to the Oakland Naval Hospital 4 months after injury, at which time there was noted 
a moderate degree of shrinking of the sensory defect in the median distribution to the hand. 
There was atrophy of the thenar muscles, yet we had the impression that all function of 
these muscles had not been lost. During the next few months of observation, the pattern of 
sensory loss grew progressively smaller and the size and function of the thenar mass of muscle 
increased. In July, 1944, the nerve was surgically exposed and found to have undergone 
extensive neuroma formation. The two ends were united by a narrow strand of fibrous tissue 
which did not appear to contain nerve fibers. Two successive attempts were made to secure 
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an end-to-end anastomosis, after resection of portions of the extensively damaged nerve. At 
the last operation, failing to obtain apposition, 3 strands of “frozen-dried” nerve graft were 
used to bridge a gap approximately 23 inches long. None of these successive operations ma- 
terially altered the sensory and motor status of this man’s hand, and he continued to show 
gradual clinical improvement. 

Two years after his nerve injury, the function of the hand was remarkably good. There 
was no complete anesthesia even at the tips of his index and middle fingers; the thumb func- 
tion was excellent, and the mass of the thenar muscles compared favorably with that shown 
by the normal hand. Sweating had not returned to the index finger, nor to the 2 distal 
phalanges of the middle finger. In these regions there was a definite hypesthesia, combined 
with a protopathic quality to cutaneous sensibility. Discrimination and stereognosis were 
impaired over the index and middle fingers, yet even in these areas he could distinguish be. 





Frias. 1 and 2. Case 1. Anterior and posterior views of the hand to show the area of total 
cutaneous anesthesia (in black) after novocaine block of the ulnar nerve at the wrist. 


tween sharp and dull, could recognize light touch, and had a remarkably good ability to local- 
ize stimuli. 

A novocaine block of the median nerve did not alter the motor and sensory status of the 
hand in the slightest degree. However, a block of the ulnar nerve rendered the thenar muscles 
completely functionless and the entire palmar surface of the hand anesthetic, except for a 
small area over the metacarpal heads (Figs. 1 and 2). The residual zone of sensibility in this 
man’s hand could be rendered anesthetic by a block of the radial nerve. 


Case 2. This patient was a 23-year-old marine whose left median nerve was severed at the 
base of his palm when he fell on some sharp object on Saipan in April, 1945. He came under 
our observation 7 months later, at which time there was hypesthesia over the median dis- 
tribution in the palm, and complete anesthesia only over the index finger (Fig. 3). The thenar 
muscles were markedly atrophied although there was some function, thought to be in the 
opponens muscle. 

At the time of admission, this man reported to us that immediately after his injury the 
entire median distribution had been totally anesthetic. In the intervening 7 months he had 
noted a gradual shrinking of the original pattern. A block of the median nerve above the wrist 
did not noticeably alter the sensorypattern shown in Fig. 3. A block of the ulnar nerve, how- 
ever, rendered the whole palm anesthetic to pin prick (Fig. 4). Unfortunately, the examiner 
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did not test the palm other than by pin prick, or at least our records fail to show that he did. 
The fact that Fig. 4 indicates a total anesthesia is consistent with a pin prick testing, but as 
subsequent studies will show, it is doubtful that the map is quite correct. 


Inmediately after these sensory examinations were completed, the divided nerve ends were 
sutured. The median nerve had been cut completely in two as it branched into the palm. The 
motor and sensory branches were individually sutured. 

Eight months after operation the patient could recognize light touch everywhere on the 
palm and fingers. Prick respoiise was delayed over the distal phalanx of the index finger and 
there was impairment of two-point discrimination and recognition of textures over this finger. 
The thenar muscles had filled out well and thumb function was good. The following studies 
were carried out to ascertain the source of his sensory recovery. 


Yh 2) ” 





, 


wy, 


Fic. 3 (left). Case 2. Sensory map on admission, Nov. 13, 1945. Solid cross-hatching: complete anes- 
thesia. Broken line cross-hatching: almost complete anesthesia. Single hatching: hypesthesia. 

Fig. 4 (right). Sensory map after block of the ulnar nerve, Nov. 14, 1945. Cross-hatching indi- 
cates insensibility to pin prick. Subsequent studies suggest that the palmar area probably was not totally 
anesthetic at that time, 


Fig. 5 shows the pattern after a novocaine block of the median nerve. It will be noted that 
the map is similar to that made at the time of admission to the hospital, except that there is 
now more sensibility over the thumb, and less hypesthesia in the palm. While the novocaine 
block lasted, discrimination was impaired over the palm. 

Fig. 6 shows the pattern of sensory disturbance after a novocaine block of the ulnar nerve. 
The only part of the hand rendered completely anesthetic was the typical area of distribution 
of the ulnar nerve. There was some hypesthesia over the ends of the index and middle fingers 
and the palmar sensibility had a definite protopathic quality after prick stimulation. 

When the median and ulnar nerves were simultaneously blocked with novocaine, the map 
shown in Fig. 7 was obtained. It will be noted that there is quite a large area in the palm which 
is not completely anesthetic. Pin prick stimuli were reported as touch or pressure and did 
not feel “‘sharp.’’ They were localized well. Pinch of the skin gave rise to a delayed response 
which was disagreeable and prolonged. 

When it was found impossible to render the palm completely anesthetic by blocking both 
the median and ulnar nerves, we assumed that the residual sensibility was probably due to 
an invasion of sensory fibers from the superficial radial nerve. Yet simultaneous novocaine 
block of the median and radial nerves failed to render the palm totally anesthetic, as is indi- 
cated in Fig. 8. 
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We next carried out a simultaneous block of the median and musculocutaneous nerves. It 
is difficult to be certain that the musculocutaneous nerve is effectively blocked, so we repeated 
this test. Each time we obtained hypesthesia over the forearm distribution of this nerve, but 





Fia. 5 (left). Case 2. Sensory map after block of the median nerve made 8 months after suture 
of the median nerve at the base of the palm. 
Kia. 6 (right). Sensory map after block of the ulnar nerve, 8 months after 
suture of the median nerve. 
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Fia. 7 (left). Case 2. Sensory map after simultaneous block of the median and ulnar nerves. 
Fia. 8 (right). Sensory map after simultaneous block of the median and radial nerves. 





the sensory map of the hand was identical with that obtained when only the median nerve 
was blocked (Fig. 3). 

It was only when all three major nerves to the hand had been simultaneously blocked that 
the hand became totally anesthetic (Figs. 9 and 10). 
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DISCUSSION 

If we had not been skeptical regarding the ability of nerve fibers to re- 
generate successfully through any kind of nerve graft in human subjects, it 
is doubtful that we would have subjected the first patient to the novocaine 
nerve blocks. Without these tests it would have been easy to accept this case 
as demonstrating the successful growth of sensory and motor fibers through 
a frozen-dried graft. If, instead of a nerve graft, we had been dealing with a 
simple end-to-end anastomosis of the median nerve, it is quite unlikely that 
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Fics. 9 and 10. Case 2. Sensory map after simultaneous block of the median, ulnar and radial nerves. 


we would have questioned the evidence to suggest that regeneration had 
taken place. We might have listed this case as one in which there was a 
satisfactory recovery of function after a median nerve suture, whereas the 
novocaine blocks demonstrate clearly that no regeneration of either sensory 
or motor fibers has taken place. 

The second case illustrates the fact that the invasion of a denervated 
skin zone can take place from all directions and that fibers from three dif- 
ferent nerves can intermingle over quite wide areas. 

Even in the absence of confirmatory histologic studies, these two cases 
support the view that an active invasion of denervated zones by fibers from 
neighboring nerves takes place in man exactly as it does in animals. Our 
observations indicate the need for a careful study of all cases in which nerve 
anastomosis has been performed, to make certain that the recovery of func- 
tion can be properly attributed to regeneration in the sutured nerve. 
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direction of the Surgeon General on 22 November 1944, and its further 

operation was amended by a circular letter dated 18 April 1945.! The 
Registry was designed as an instrument both to evaluate the influence of 
newly developed technical procedures upon the immediate results of periph- 
eral nerve repair and to furnish a roster of patients with major peripheral 
nerve injuries so defined with basic identifying data that it could be used in 
a long term assessment of this phase of military neurosurgery. 

A description of the Registry form, the maintainance of the Registry, 
the compilation of reports and the single application of its primary function 
during the period of the war has been reported in sufficient detail.? 

This report, the second in a contemplated series, will describe in figures 
and charts, the essential data that have accumulated in the Registry to the 
date of 1 November 1945. The material from over 7000 separate injuries and 
many additional reporting forms has been digested and presented in this 
manner by Lt. J. J. Ozog of the Division of Medical Statistics of the Sur- 
geon General’s Office. It represents the assiduous efforts of some 85 con- 
tributing military neurosurgeons. These statistics are without much doubt 
dull reading, but they form the backbone of the studies in peripheral 
nerve regeneration that will be pursued in the near future under the aus- 
pices of the Veterans Administration and the National Research Council. 


TN Peripheral Nerve Registry of World War II was established by 


NATURE OF THE DATA 

This study of peripheral nerve injuries is based upon 6336 individual 
vases. Of these, 5748 patients, or slightly over 90 per cent, showed only one 
nerve injury for which surgery was performed; 588, or about 10 per cent, 
were reported as having been operated upon for two or more nerve injuries. 
As already noted, the compilation of these data was commenced on 1 No- 
ember 1945 and since that time, additional reports have accumulated. Since 
no other factors of treatment or compilation of data were introduced after 
that time, it is doubtful that these would unduly influence the trend of the 
statistics that follow. 

The total number of peripheral nerve injuries upon which reports were 
received was 7050. Injuries of the major nerves of the upper extremity were 
much more numerous than those of the lower extremity, occurring in the 


* Presented at the meeting of the Harvey Cushing Society, October 11, 1946, Boston, Massachusetts. 
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ratio of 3 to 1, and involvement of the ulnar nerve accounted for almost 
one-third of the total. Whenever the division appears to be significant, the 
7050 nerve injuries have been presented in two categories. 

1. OS cases (overseas) : those cases in which the first attempt at definitive 
repair was performed overseas. 

2. ZI cases (Zone of the Interior, the Continental United States): those 
cases in which operation with primary suture or nerve graft was performed 
in one of the neurosurgical centers established in the United States. 

On the basis of this division, particularly significant in the future evolu- 
tion of “early” nerve suture, there were 1390 OS cases (19.79 per cent of the 
total) and 5660 ZI cases (80.3 per cent of the total). 

A peripheral nerve graft of any character was used as original definitive 
procedure in only one per cent of the total number of injuries. In the remain- 
ing cases, nerve suture was performed and the total number of operations 


~Y 


was 7527. 
STATISTICAL DATA 
TABLE 1. Involved nerve and type of operative procedure—total cases* 


End-to-End Anastomosis as = , 
Original Definitive Procedure Potal Cases 
Graft as 
Original 
Definitive | 


. Primary 
Nerve Involved ‘ 











No Prev. | With Prev. | Other Total | Procedure | Actual Per cent 
Bulb Bulb | 
Suture Suture | 
Brachial plexus 132 6 138 I 139 2.0 
Median 1240 63 59 1362 14 1376 19.5 
Ulnar 2095 63 90 2248 3 | 261 $2.1 
Radial 904 S 33 985 12 997 14.1 
Musculocutaneous 81 3 3 87 87 2 
Digital 28 28 ] 29 4 
Sciatic 1101 36 19 1186 5 1191 16.9 
Tibial 219 12 11 242 10 252 3.6 
Peroneal 520 11 26 557 1 558 7.9 
Femoral 19 l I 21 21 3 
Facial 17 17 8 25 4 
All others 106 I 5 112+ oT 114 1.6 
Total nerve 
injuries 6462 238 283§ 6983 67 7050 100.0 


* Includes OS and ZI cases combined, 

+ Includes: Antibrachial cutaneous (49), Sural (34), Axillary (20), Brachial cutaneous (3), Spinal 
accessory (3), Plantar (3). 

{ Includes: Axillary (1), Cauda equina (1). 

§ Includes eases with: 


Secondary as first report received 77 
Primary after graft as first report received 1 
Only Bulb Suture report received 76 
Primary, ete. section reported as “Unknown” 126 
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TABLE 1 (a). Involved nerve and type of operative procedure—overseas and ZI cases 


Nerve 
Involved 


Brachial plexus 
Median 
Ulnar 
Radial 
Musculo- 
cutaneous 
Digital 
Sciatic 
Tibial 
Peroneal 
Femoral 
Facial 
All others 


Total nerve 
injuries 
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End-to-End Anastomosis as 


Original Definitive Procedure 


Primary 


| 
| 








No Prev. | With Prev. Other 
Bulb | Bulb 
Suture Suture 
os | ZI | OS | ZI | Os | 
16 | 116 | | - 4 | 
223 |1017 | 4) 59 | 26 | 
394 |1701 7| 56 | 40 | 
178 | 726| 5] 43 | 12 | 
12} 69 l Q | Q | 
1| 27 : 
e38 | 863 | 4| s2] 24 
34 | 185 | 12 | 2 | 
113 | 407 Ma | TF | 
S| & ‘a 
3| 14 | | | 
13 | eo} —| 1] 3 | 
| | | | 
1228 [5234 | 22 | 216 | 1304, 





Tot 


Os | 


20 
253 
441 


195 


15 
1 
266 
36 | 
130 | 
| 
3 | 
16* 


al 





ZI 


118 
1109 
1807 

790 


wos 
~) 2 


920 
206 | 
427 | 
17 | 
14 
967 


153$/1380 5603 | 


Graft as 





Total Cases 


Original 
Definitive 
Procedure | Actual Per cent 
Os | ZI | OS | Z1\ Os ZI 
20/119] .3 1. 
| 14 | 253 |1123 | 3.6 15. 
2] 11 | 443 |1818 | 6.3 25. 
1/ 11] 196 | 801 | 2.8 11. 
6) 7) 2 1 
1 | 2| 27 : 
I 4 | 267 | 924 | 3.8 13. 
1 9| 37|215| (5 8. 
1 | 130 | 428} 1.8 6 
| Mae 
4| 4 7| 18] .1 
| 2! 16 | 98| .2 1 
| 100.0 
10 | 57 





1390 |5660 | 
{ 


ee CO tO mt mt et 


(7050 cases) 


* Includes: Antibrachial cutaneous (11), Sural (2), Axillary (1), Brachial cutaneous (1), Plantar (1). 

t Includes: Antibrachial cutaneous (38), Sural (32), Axillary (19), Brachial cutaneous (2), Spinal 
accessory (3), Plantar (2). 
t Includes cases with: 

Secondary as first report received 


Primary after graft as first report received 


Only Bulb Suture report received 
Primary, ete. section reported as “Unknown” 
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* Individuals with only 1 nerve injury requiring end-to-end anastomosis or graft procedure. 
} Individuals with 2 or more nerve injuries requiring end-to-end anastomosis or graft procedure. 


TABLE 8. Postoperative nerve condition—total cases 
I 


No. of Cases 
Nerve Condition* 


| 
Os | ZI | Total 
Suture line disruption 19 | 44 63 


Infection after suture 13 26 39 


* As shown either on assessment or report of reoperation. 

Note: Though there were 4 times as many ZI cases as OS cases, there were only about 2 times as 
many individuals on oe om either suture line separation or infection after suture were repo eigen The 
number of the latter cases, however, is so small as to make any generalization on this difference subject 
to some doubt. 
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TABLE 4. Dispositions and time lost from duty—total cases 


Total Time Lost from Duty (weeks) 


Type of 


Less Ave 
i iti | Bl | () 50 60 70 80 90 00 & ony poeta 
Disposition ae 30) U ) j j 100 & rotal | Weeks 


39 19) 59 69 79 89 99 over 


30 Lost 

OS l l ] l 1 15.3 
Full Duty ZI 1 2 3 13.0 

Tot. 2 l 3 l 7 14.3 
Limited Duty OS 6 10 2 t 2 I 25 11.0 
a/e nerve Zl 6 11 , 6 2 2 l 350 | «49.5 
injury 

Tot. 12 21 9 10 1 2 l l 60 12.5 
CDD or OS 7 33 29 45 Is 2 ] 1 136 17.9 
Retired ZI 13 37 53 62 56 12 6 7 18 264 56.9 
a/e nerve 
injury Tot. 20 70 82 107 74 14 7 7 19 100 | 53.8 
CDD for OS 2 1 3 13.6 
other Zl 1 2 l ] 1 1 7 67.4 
reasons 

Tot. 1 t 1 1 1 | l 10 60.3 
Other OS 
dispositions* ZI I C I 6 19.5 

Tot. I t I 6 19.5 
Total OS 14 sy ot 51 21 Q ] 2 168 16.7 
dispositions ZI 21 1) 66 70 59 14 7 9 20 | 315 | 55.4 

Tot. 35 92 100 121 80 16 8 9 22 183 52.4 


* Other dispositions include 2 cases separated by Section VIET, and 4 cases transferred to Plastic 
centers, Orthopedic sections, ete. 

Note: In the present study 483 patients received dispositions after an average duration of treatment 
of 52.4 weeks. Of this total, 400, or about 83%, had been given CDD or Retirement because of the 
nerve injury. 

Men who were returned to duty (either full or limited) had significantly less time under treatment 
than those whose disposition involved separation from service. The explanation may be: (1) In doubtful 
cases, men could be returned to limited duty and still kept under observation, and (2) men who were 
to be CDD’d were kept in the service until recovery was fairly complete or until further treatment was 
useless. 

On the average, patients who received their first definitive treatment ina ZL installation were retained 
under treatment about 9 weeks longer than those who were first operated on overseas. 
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TABLE 5. Causative agent—total cases 


No. of Cases 
Causative Agent 


OS ZI Total 

BATTLE WOUNDS: 

Battle Wound (unspecified) * 54 | 110 | | 164 | 

GSW or Bullet 341 | 1560 | 1901 | 

Shell or Bomb Fragment, Shrapnel 767 2972 | 3739 | 

Land Mine, Booby Trap, Grenade 35 | 115 | 150 | 

Aircraft Crash (combat) 4 4 

Other Battle Wounds 3 21 | 24 | 

Total Battle Wounds 1200 | 4782 | 5982 

ACCIDENTAL WOUNDS: | | 

Aireraft Crash (non-combat) | 4 4 

Motor Vehicle 5 27 32 

Accidental GSW or Bullet 11 | 38 49 

Accidental SFW, ete. 7 15 16 

Knife or Glass (cut or stab) 28 | 91 119 

All Other Accidents 12 | 69 81 

Total Accidental Wounds 57 244 301 

UNREPORTED OR UNKNOWN 8 | 15 53 
Total number of individuals with nerve 

injuries 1265 | 5071 6336 





* The group classified as Battle Wound (unspecified) consists of cases reporting cause of injury as 
“WIA,” “caused by enemy fire,” ete. 

+ All Other Accidents include: 

OS: Accidental Laceration (5), Fall (4), Falling or Moving Object (2), Previous Surgery (1). 
Z1: Accidental Laceration (15), Fall (14), Falling or Moving Object (10), Explosion (6), 
Previous Surgery (11), Crushed by Machinery (6), Other (7). 

Note: Gross classification of the total number of cases shows the following percentage breakdown: 
94.4% of the total injuries were caused by battle wounds, 4.8% were caused by accidental injury, while 
0.8% of the cases showed cause either as unknown or unreported. 

The most important single cause of injury was Shell or Bomb Fragments, accounting for 59.0% 
of the total injuries. Small arms fire (GSW or Bullet) was next in importance, with 30.0% of the total 
number of nerve injuries. 
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TABLE 6. Bone vascular or soft tissue injury*—total cases 


Percentage of 


No. of Cases Total Reported 


Type of Damage 


OS | ZI | Total OS ZI Total 
No bone, vascular or soft tissue damage 714 | 2238 2952 | 65.0 16.4 49.8 
Bone injury only 244 | 1744 | 1988 22.1 36.1 33.4 
Vascular injury only 92 | 409 | 501 | 8.4 | 8.5 8.5 
Soft tissue injury only 12 92 | 104 es } feo: |) ae 
Bone and vascular injury | 25 | 200 | 225 2.3 | 4.1 | 3.8 
Bone and soft tissue injury | 10 | 112 | 122 9 | BS.) Ba 
Vascular and soft tissue injury | 19 | 19 0.4 0.3 
Bone, vascular and soft tissue injury 2 | 14 | 16 0.2 0.3 0.3 
| 
‘Total cases with bone, vascular, or soft tissue | | 
injury | (385) | (2590) | (2975) | (35.0) | (53.6) | (50.2) 
TOTAL REPORTED | 1099 | 4828 | 5927 | 100.0 | 100.0 | 100.0 
Bone, vascular or soft tissue injury unknown | 
or unreported 166 243 | 409 
Total No. of individuals with nerve injuries | .1265 | 5071 6336 


* Soft tissue injury includes only those cases requiring plastic procedure, showing marked loss of 
soft tissue substance or severe infection. 

Note: Reports on the presence or absence of bone, vascular or soft tissue damage were received on 
5927 cases (93.5% of the total number of individuals under study), as against only 409 cases which 
failed to report this item or reported it as Unknown. All calculations of percentage distribution, there- 
fore, have been based on the total number of cases on which definite information on this item has been 
received. 

About 3 (49.8%) of the cases in this latter group stated that no complicating injury was encountered. 
The remaining } (50.2%) showed either bone, vascular or soft tissue damage or some combination of 
the three. 

Bone injury was the greatest single complication, appearing either alone or in conjunction with 
some other type of damage in 39.6% of the total cases reported. Vascular injury was present in 12.9% 
of the cases. Soft tissue damage appeared in 4.5% of the total cases reported. 

A comparison of Overseas and ZI cases shows that bone, vascular or soft tissue damage was present 
in only 35.0% of the men operated on overseas, while 53.6% of the ZI cases reported one or more of 
these conditions. This difference may be accounted for by the fact that in the more seriously complicated 
cases the men were probably sent back to this country and definitive treatment postponed until these 
conditions had been at least partly relieved. 
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TABLE 7. Interval: injury to first operation (primary or graft)—total cases 


Actual Cumulative | Actual | Cumulative 
Interval | Interval | 
(tenths No. of | No. of i (tenths | No. of | No. of ‘ 
of months) Cun | Gas | % | of months) | Gis 1 See % 

0 146 | 146 2.1 20 78 1042 |) 14.9 
I 29 | 175 2.5 21 | 62 1104 | 15.8 
2 2 | 187 2.7 22 | 5h | SK | 16.6 
3 | 13 | 200 2.9 23 | 61 |) «1219 | 17.5 
r 13 213 | 3.1 24 | 56 | («1975 18.3 
5 8 | Q21 | 3.2 25 | 7% | 41351 =| 419.4 
6 5 | 236 | 3.4 26 93 | 1444 20.7 
7 26 | 262 | 3.8 27 72 | 1516 21.7 
8 | 31 | @3 | 4.2 28 100 | 1616 | 8 
9 36 CO 329 4.7 29 86 | 1702 | 24.3 
10 40 369 | 5.3 | 80-89 | 105 | 2717 39.1 
11 57 126 | 6.1 | 10-49 1082 | = 3799 55.0 
12 65 4991 | 7.0 50-59 929 | 4728 68.5 
13 64 555 7.9 60-69 701 =| =5429 78.6 
14 67 622 8.9 10-79 HG =| | (S875 85.1 
15 75 697 10.0 80-89 3138 6188 89.6 
16 70 | 767 11.0 90 & over 697 | 6885 99.7 
17 65 $32 11.9 Unknown 9 6907 100.0 
18 | 64 $96 | 12.8 
19 68 964 13.8 Total 

operations* 6907 6907 100.0 


* Exclusive of: Bulb Sutures (214), Secondary or Tertiary Operations (191), Primary After Graft 
(15). 

Note: This table shows the length of time that elapsed between the date of injury and the first 
attempt at actual nerve repair. It includes only those cases (6907) on which reports of primary operation 
or initial graft were received. Thus, 146 patients (2:1% of total) received definitive treatment within 
the same 10th of a month as the injury; 175 received treatment either within the same 10th or the fol- 
lowing 10th of a month after injury, ete. Within 1 month after injury (the same interval as the injury 
plus the following 9 intervals) 329 patients, or 4.7% of the total, had received reparative surgery. At 
the end of 2 months, 13.8% had been treated, etc. (Compare with Table 7(a) for difference between 
Overseas and ZI cases.) In 22 cases, either the date of injury or the date of operation was reported as 
Unknown. 





TABLE 7(a). Interval: injury to first operation (primary or graft) 


Interval 

(tenths 
of 

months) 


10 
1] 
12 


13 


15 
16 
17 
Is 
19 


Actual 
No. of 
Cases 
OS | ZI 
119 | 27 
29 
11 1 
9 \ 
12 ] 
5 1 
15 
24 Q 
30 l 
31 5 
39 l 
52 5 
60 5 
61 $ 
62 5 
64 | 11 
59 11 
50 «15 
63 | 11 


$6 | 22 


* Exclusive of 


No. of 
Cases 
OS ZI 
119 | 27 
148 | 27 
159 | 28 
168 32 
180 33 
187 | 34 
202 | 34 
2296 | 36 
256 | 37 
287 | 42 
326 13 
378 +8 
138 | 53 
199 |) 56 
561 61 
625 | 72 
G84 83 
734 | 98 
7387 «109 
833 131 


15. 
19. 
&3. 
56. 
60. 


: Bulb Sutures 


Secondary or Tertiary 
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Cumulative 


% 


Primary After Graft 


ZI cases 


Interval 


(tenths 
of 
months) 
20 
21 
22 
93 
6 Q4 
6 25 
26 
.6 27 
6 28 
7 29 
ae 30-39 
8 1. 49 
9 50-59 
0 60-69 
l 70-79 
3 80-89 
5 | 90 & Over 


.& | Unknown 


a Total 





overseas and 


Operations | 1387 


Operations 


Actual Cumulative 
No. of No. of % 
Cases Cases 
OS ZI OS ZI OS Zl 
9 29 882 160 |) 63.6 2.9 
39 23 921 18S | 66.4 3.3 
29 25 950 208 68.5 3.8 
27 34 977 242 | 70.4 +. 4 
23 33° «1000 S78 | 72.3 5.0 
35 +1 1035 316 | 74.6 5.7 
34 59 «1069 S76 | 77.1 6.8 
20 52 1089 427 | 78.5 t.8 
25 75 1114 502 | 80.3 9.1 
16 70 1130 672 | 81.5 10.4 
102 913 1232 1485 89.0 26.9 
52 1030 1284 | 2515 | 92.7 45.7 
24 905 1308 | 3420 | 94.4 62.1 
19 682 | 1327 £102 | 95.8 | 74.4 
9 137 1336 4539 | 96.4 82.3 
14 299 1350 1838 | 97.4 87.7 
28 669 1378 | 5507 99.4 99.8 
y 13 1387 5520 |100.0 | 100.0 
| 
5520*| 1387 | 5520 jene-@ 100.0 
OS Zl 
IS 196 
56 135 
1 14 
75 345 


Note: See Table 7 for explanation of data and procedure. 


In the Overseas cases, about 20% of the patients received the first attempt at surgical repair within 
the Ist month after injury; 40% during the 2nd month, and 20 
of over 80% in the Overseas group received definitive treatment within the first 3 months after nerve 


injury. 


The comparable figure for ZI cases for the same period was only 10%. The great bulk of ZI patients 
(about 909%) did not receive the first primary or graft operation until 3 months or more had elapsed 
after injury. The period of greatest activity in ZI cases was in the 3-month interval from the 4th through 
the 6th month after injury, with over } of the total patients receiving first definitive treatment in that 


period, 


07, 


during the 3rd month. Thus, a total 
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Source: Tables 7 and 7 (a) 


TABLE 8. Operative procedure: end-to-end anastomosis* 


No entry or information 


unavailable 


* Excluding all Bulb Sutures. 
+ “No entry” signifies it 
hospital lacked information on the items. 


1420 
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PERCENT OF TOTAL 


OS 
Complete | 1237 
Partial 136 
Information unavailable 60 
With tantalum wire 958 
With other suture material 313 
With tantalum wire and other suture material 17 
No entry or information unavailablet 145 
With stay suture 398 
Without stay suture 601 
Information unavailable 134 
Wrapped in tantalum foil 738 
Wrapped in other cuff material 13 
No entry or information unavailable 682 
With mobilization | 628 
With transplantation 108 
With mobilization and transplantation 147 
No entry or information unavailable 550 
Bone resection 13 


ems were left blank; “information unavailabl 


CHART VY 
INTERVAL FROM INJURY TO FIRST OPERATION 


“ 
° 


a 
°o 


ro] 
°o 











‘ 
fe) Leegee-t 


MONTHS AFTER INJURY 
Source: Tables 7 and 7 (a) 


total cases 


Percentage of 


f Ca = 
Fotal Reported 
Zl Total | OS Zl | ‘Total 
5127 6364 | 90.1 | 91.5 91.2 
+76 612 9.9 8.5 8.8 
: 62 
$294 4252 | 74.4 0 61.9 
1822 2135 24.3 $2.7 31.1 
163 | 480 1.3 8.3 7.0 
2% | 171 
973 1371 39.8 17.5 20.9 
1599 5200 60.2 $2.5 79.1 
33 167 
1610 | 2348 | 98.3 98.0 98.1 
33 | 1661 #2147 2.0 1.9 
3962 | 4644 
3405 1033 71.2 68.3 68. 
287 | 395 12.2 5.8 6. 
1293 1440 16.6 25.9 24.6 
620 1170 
104 117 


5501 6921 
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9. Rate of advance in Tinel’s sign: by interval after operation 


Assessments (in months) 





(in em.) O- | 2 i— | 6 7 9 | | To- 
1.9 | 2.9 4.9 6.9 9 | | 9.9 | 10.9] 11.9} tal 
0 | 121 | 108 | | 80 94 | 32} | 98 | | 921 
0.1- 2, 18 | 27 | | 8] 6 1 | | | | 101 
$.0- 5. | 30 | 69 | | a8 | 26 | 12 | 2} 1| | 393 
6.0- 8. 12 | 51 | 42 | 33 7 i #: #2] 8] 2 418 
9.0-11. 14| 42 58 36 8 | en 1 2} 2 5 | 426 
12.0-14, 9 | 28 | 26 45| 9 | | | 7] a] a] : | 323 
15.0-17.9 | 11 | 51 | 41 57 | 16 | | 12 2} 1] 2] 6] 443 
18.0-20.9 | 2 | 44 42 108 | 29 | 2} 2] al] 68 | 550 
21.0-23. | 15 17 34 + | 1i3| 3] 2 l 3 | 213 
24.0-26.4 1) 10 15 | 79 | 24 | wi ti #1 7 t | 395 
27 .0-29.$ | §& 9 | 87 5 | | 13 I ih 64 2] 143 
30 .0-32.5 | i 33 | | 97] 32 | 8] | 12 5 | 408 
330-35. | 5 9 | | 84 |: 12 | | 26] 14] 7] 7 | 242 
36.0-38.5 10 | | 34 9 | | 16; 3| 38} 2/114 
39.0-41.4 1 12 | ey| ni | 25 7| 7 | 196 
$2.0-44. 1 3 | 37| &| 5] 17 6 | 2| 96 
$5.0-59.5 2 8 120 | 25 | | 57] 12 | 35 | 385 
60.0-98.9 | ‘ 26 2 | | 36] 8 | | | 16 | 130 
Complete 2 1 15 8 | | 13 | 6 | | 12] 85 
| | 
Unknown or | | 
unreported | 3 | 18 9 | 17 5 | | 5 | | 101 
| | 
Total | } 
assessments | 222 | 491 B+ | 1052 | 256 382 75 6083 
Aven | | | | 
verage | | | 
advance in | | 
Tinel’s sign | 8.3 13.0 [16.7 19.6 \2 30.4 127.9 33.3 37.8 (35.8 40.2 140.6 #2.8 23.9 
* Includes 1 case in which date of operation was unknown. 
Note: This table was based on the total number of assessments received on 4137 operations. The 


assessments were distributed by the interval, in months, between each operation and its corresponding 
assessments; and, within each time interval, by the reported advance of Tinel’s sign distally from the 
suture line. Thus, 2061 cases were assessed during the 4th month after operation; the distribution of 


these cases according to the distal advance of Tinel’s sign as of that time is shown in Col. 33.9. 


The average advance of Tinel’s sign for each time interval, based on the assessments within that 
interval, is shown at the bottom of the table. Cases reporting ‘Tinel’s sign as “‘None,” “Unknown,” or 
& £ 


“Complete” were excluded from the calculations of these figures. 
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; 35 7 
~ 
; f 307 
; wW 
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; 
) 0 ’ : 
) 1 2 3 4° 5 6 7 8 9 0 Wo 12° 13 over ta 
4 MONTHS AFTER OPERATION 
Source Table 9. 
l 
] 
TABLE 10. Rate of motor recovery: by interval after operation—total cases 
) 
| Interval: Operation to Assessment (in montts) 
Motor i 
eiceiap | Nl 
7 ~— 0- | 2 | & | & | & | 6 | 7 | 8B- | 9- | 10-| 11-] 12 
a — 1.9) 2.9) 3.9 | 4.9 | 5.9 | 6.9 | 7.9 | 8.9 | 9.9 | 10.9) 11.9) 12.9 
ig | | 
. 0 | 198 | 409 |1598 | 330 | 261 | 490 | 115 | 79 | 139 | 34] 16) 33 
‘ 1 | 14] 51 | 273] 91 | 108| 271) 63) 66 108| 23} 21 | 36 
- 2 | 6 18 | 125 19 | 61 | 226 53 42 «104 | 37 24 tt 
aa 3 1} 5] 21 8| 12| 41] 18] 17] 26} 20] 11 10 
: ' 1 1 | 1] 6| S| 4] 38] 4] @] @ 
No loss 2 6 ] z | | 1 
Unknown or | 
unreported 3 5 | 38 5 2 12 4| 5& 1 l 1 
Total | 
assessments | 222 | 491 |2065 | 484 | 447 {1053 | 256 | 213 | 382 | 119 75 | 125 
! ' ' | | 
* Includes 1 case in which date of operation was unknown. 








| 13+ 


To- 
tal 


54* 3756 


29 |1154 
45 | 834 
17 | 207 
2 32 
19 

4 81 


151* 6083 








TABLE 10(a). Rate of motor recovery: by interval after operation 


| 
Motor 
Recovery | 4 2 
Code 1.9 | 2.9 
0 102 | 140 
I 6 15 
2 5 5 
3 Q 
I 
No loss 2 
Unknown or 
unreported 3 Q 
Total 
assessments 116) 166 


* Tneludes 1 case 


TABLE 10(b). 
Motor 
Recovery 0 9 
came 1.9 | 2.9 
0 96 | 269 
1 | §$ 36 
2 1 
3 l 3 
t l 
No loss 
Unknown or 
unreported | 3 
Total 


assessments 


106 | 325 


13 
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overseas Cases 


Interval: Operation to Assessment (in months) 


3 1 5 6 7 8 9- 
3.9 | 4.9 | 5.9) 6.9 | 7.9 | 8.9 | 9.9 
324 | 133 90 | 140 52 30 54 
60 35 33 78 28 33 50 
29 21 19 78 18 23 19 
6 t 7 12 9 7 12 

l 2 ] I l 

1 l I I l 

8 3 2 3 2 I 
429 | 197 | 150 | 316 | 111 96 168 


in which date of operation was unknown, 


Rate 


Interval: Operation to Assessment 


3 4 5 6 7 8 9 
3.9 1.9 5.9 |6.9 |) 7.9 | 8.9 | 9.9 
1274 | 197 171 | 350 63 iY) 85 
213 56 75 | 193 35 33 58 
96 28 42 148 35 19 55 
15 t 5 29 9 10} 14 
3 l t , $3 Q 
5 l 3 
30 | 2 2 10 l $ 
287 | 207 | 737 | 145 | 117 | 214 





of motor recovery: by interval after operation 


10 11 12 " To- ! 
10.9| 11.9) 12.9) ° t tal , 
16 6 15 11*%)1118 
5| 11 18 6 | 378 
17 3 | 19 14 | 310 
11 7 6 11 Ot 
i) Q l 13 
10 
{ 
] 2 97 u 
54| 39/ 59| 44* 1955 = a 
ZI cases 
(in months) 
10 11 12 To- 
10.9} 11.9) 12.9 1S tal 
is | 10) 18 13 (2643 
18 | 10] 18| 23] 776 I 
20 | 11] 25) 81 | 524 ' 
9 r t 6 | 113 
I ) 19 
) a 
l ) 54 
65 | 36 


66 


107 |4138 








5) 


lO 
4 
13 
10 


[38 


TABLE 11. Rate of sensory recovery: by interval after operation 


Sensory 
—— -~ ie lei & ) & Le] ele 
ae 1.9 | 2.9|3.9 | 4.9] 5.9 | 6.9 | 7.9 | 8.9 
0 202 423 1674 | 340 | 265 | 520 109 70 
1 10 36 | 267 91 | 111 | 381 74 | 75 
2 4 13 55 34 45 139 17 | 36 
3 é 18 t 19 16 20 | 6 
1 1 7 3 6 2 Q 
No loss 1 t l 4 
Unknown or 
unreported 6 11 HO) 11 7 9 | 3 
Total | | 
assessments 222 | 491 |2065 | 484 | 447 (1053 | 256 | 212 


* Includes 1 case in which date of operation was unknown. 


TABLE 11 (a). Rate of sensory recovery: by interval after operation 


PERIPHERAL NERVE INJURIES 


9 


| 9.9 


118 
156 
67 
26 
10 


382 


total cases 


Interval: Operation to Assessment (in months) 


10 11 12—- 13-4 | To- 
10.9) 11.9) 19.9) 3) tal 


28 13 28 47 * 3837 
39 23 +8 43 {1304 


29 | 16) 27 | 27 | 539 
20) 15 17 28 | 242 
3 6 5 6 54 
8 

2 l 99 

119 75 | 126 | 151*)6083 


overseas Cases 


, Interval: Operation to Assessment (in months) 
Sensory 
Recovery 0 2 3 i- | 6 a | ¥ 8 9 10— | 11— | 12 To- 
Code 1.9 2.9/3.9 4.9 5.9} 6.9! 7.9/8.9) 9.9 }10.0 11.9) 12.9) 34) tal 
0 102 | 144 | 338 | 136 86 | 133 +1 28 +1 7 6 10 7*\1079 
l 8| 14] 59] 36| 37/109] 33| 82| ww} 19| 12] 19] 14 | 462 
Q . 7 21 17 18 +7 23 34 17 & 15 8 | 235 
3 5 3 9) QI 13} 17 ll 9} 10| 12] 18] 198 
i 2 l i 7 Q 2 3 Q 23 
No loss 
Unknown or | 
unreported | 4 I r r Q 1 l 5 l 23 
Total 
assessments 116 | 166 | 429 | 197 150 316) 111 96 | 168 54 39 59 4* 1945 


* Includes 1 case in which date of operation was unknown. 


TABLE 11(b). Rate of sensory recovery: by interval after operation 


ZI cases 


: Interval: Operations to Assessment (in months) 
Sensory 
= gar3arsr | | © | | & | & | 1e-| 11-| 12-|,,, | To 
-_ 11.9/2.9/3.9/ 4.9/5.9! 6.9) 7.9} 8.9 | 9.9 | 10.9) 11.9) 12.9) 8) tal 
0 | 100 | 279 |1336 | 204 | 179 | 387 | 68 sae] 77) 21 7 18 1) 2758 
| 9! 92/208| 55| 74/922] 41/ 43] 86/ 20) 11] 29! 20/ 842 
2 2 6| 34| 17] 27] 92] 2] 18] 33] 12 8 | 12] 19] 304 
3 3/ 13 i| @) el | oO) | 5 5| 15/119 
1 t 5 2 2 2 2 3 l " 2 4] 31 
No loss ] l 2 8 
Unknown or 
unreported 2 10 36 7 7 7 3 2 1 1 76 
Total 
assessments | 106 | 325 |1636 | 287 | 297 | 737 | 145 | 116 | 214 65 36 67 | 107 4138 
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TABLE 12. First appearance of Tinel’s sign: by time after operation—total cases 


Operations With Assessment 
With Appearance of Tinel’s Sign* 
Interval N 
Oper. to Assess. With Prev. | oe Total 
(months) | Assess. | No. Appearance 
| Showing | Previous Total | of I inel 
| Tinel Assessment | Signt 
| Sign as O | 
0- 1.9 | 96 96 86 | 
2— 2.9 3 357 360 67 
3- 3.9 | 21 1670 1691 | 231 
4- 4.9 5 345 360 | 57 
5- 5.9 QV 220 | 242 | 32 
6- 6.9 | 3 | 267 | 350 | 59 
7-7.9 8 79 97 | 4 
8- 8.9 | 17 71 88 17 
9- 9.9 | 25 77 102 18 | 
10-10.9 | 8 | 25 33 10 | 
11-11.9 | 5 ll | 16 s | 
12-12.9 | 6 7 | 23 | 5 
13 & Over | 5 | 43 | 18 13 | 
Unknownt 1 
| 
Column Totals | 228 3278 3506 631 | 4137 
Operations with | | | 
no assessment | | 3190 
| 
Total No. of | | 
nerve operations | | 7327 
* Distributed by first assessment which showed a positive Tinel’s sign. 


| Distributed by latest assessment received, 

t Date of operation unknown. 

Note: Table 12 consists of 2 separate sections. The first shows 3506 operations after which Tinel’s 
sign has appeared, broken down into those cases (3278) which reported a definite value for Tinel’s sign on 
the first assessment, and those cases (228) in which Tinel’s sign did not appear until after a previous 
assessment which had reported the sign as “‘None”’ or “Unknown.” For each of these sub-groups, the 
table shows the distribution according to the interval between operation and the assessment on which 
Tinel’s sign first appeared. 


The second major group, 631 cases with no appearance of Tinel’s sign on any assessment, was 
tabulated by the interval between operation and the last assessment report. The intention in this section 
is to show the length of time that has elapsed since each operation with still no evidence of recovery. 

For example, during the 4th month after operation (3-3.9 months) 1691 cases reported the presence 
of Tinel’s sign for the first time, 21 of them having previously reported it as “Absent” or “Unknown.” 
During the same period, the last report received on 231 cases showed a continued absence of the Tinel 
sign. 
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| 
| 
| 
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Interval : 
Oper. to Assess. With Prev. Ne | 
(months) Assessment actin | ‘Total 
Showing Auemnent | 
| Recovery as 0} eee | 
0- 1.9 _ | 14 | 14 
2- 2.9 | 57 | 57 
3- 3.9 9 341 | 350 
4 4.9 17 110 127 
5- 5.9 64 96 160 
6~ 6.9 | @7 | 165 | 442 
7- 7.9 | 53 56 109 
8-— 8.9 | 39 57 96 
9 9.9 | 79 | 60 139 
10-10.9 | 28 | 25 | 58 
11-11.9 | 8 12 | 20 
12-12.9 | 21 It | 34 
13 & Over 12 | 48 | 60 
Unknownt | - | - 
Column Totals | 607 | 1054 | 1661 
Operations with 
no assessment 
Total No. of | 
nerve operations | 
* Distributed by first assessment reporting evidence of recovery. 





Operations With Assessment 


+ Distributed by latest assessment received. 


t Date of operation unknown. 


Note: As in Table 12, this table should be considered as composed of 2 separate sections. The first 
consists of those operations (1661) after which motor recovery has been reported positively, with the 
cases broken down according to whether the recovery was reported on the first assessment, or on a later 
assessment after an earlier report showing no recovery; both types of cases are tabulated by the time 
interval between operation and the assessment which first showed some degree of motor recovery. The 
second section is made up of those operations (2476) whose assessments have shown no indication of 
motor recovery at any time; these cases are tabulated by the interval between the operation and the 


latest. assessment on each operation. 


Thus, during the 4th month after operation (3-3.9 months) 350 cases reported for the first time 
that motor recovery was beginning; in 9 of these the report followed a previous report showing motor 
recovery as 0. In the same interval, 1051 cases, according to their latest assessments, had never shown 


evidence of recovery. 


With Evidence of Recovery* 


PERIPHERAL NERVE INJURIES 





No 
Evidence 
of 


Recovery 


12] 
237 
1051 
2038 
208 
381 
79 
49 
80 
16 
12 
20 
18 

1 


2476 


= 
| 
| 
| 


TABLE 13. First evidence of motor recovery: by time after operation—total cases 


Total 


4137 


3190 


7327 
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TABLE 14. First evidence of sensory recovery: by time after operation 


Operations With Assessment 


With Evidence of Recovery* 
Interval 


Oper. to Assess. With Prev. ; 
(months) Assessment r No aie 
Showing Previous Potal 
Recovery as 0 Assessment 
0- 1.9 l 20) 21 
2—- 2.9 77 77 
3- 3.9 6 421 127 
1- 4.9 15 130 145 
5- 5.9 5+ 105 159 
6—- 6.9 274 152 426 
1 7.9 53 18 101 
8- 8.9 41 50 91 
9 9.9 79 45 124 
10-10,9 30 17 47 
11-11.9 13 12 25 
12-12.9 31 13 tt 
13 & Over 16 41 D7 
Unknownt 
Column Totals | 613 | 1131 | 1744 
Operations with 
no assessment 
Total No. of 
nerve operations 
* Distributed by first assessment reporting evidence of recovery. 
+ Distributed by latest assessment received. 


t Date of operation unknown. 


No 
Evidence 
of 
Recovery t 


114 


VIS 


220 


1014 
202 
185 
346 
76 
60 
87 


total cases 


Total 


$137 


3190 


Note: The data on sensory recovery were handled and tabulated in the same manner as the data on 
motor recovery (see notes on Table 13). Cases showing evidence of sensory recovery at any time after 
operation (1744 cases) were tabulated by the interval between operation and the first assessment which 


reported the beginning of recovery; the 2393 cas 
by the interval between operation and the latest assessment. 





»s showing no recovery on any assessment were tabulated 


This table may be read in the same manner as Table 18. During the 4th month afte ‘r operation, 


427 cases showed signs of sensory recovery for the first time. Of these 


, 421 were cases on which the first 


assessment fel] within this period; 6 had previously reported sensory recovery as 0 on earlier assessments. 
During the same interval, the last assessment on 1014 cases showed no sensory recovery as of that time. 
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Source: Tables |2, |3.and |4 


COMMENT 
No detailed analysis of these statistics appears indicated, except of those 
figures describing the early progress of neural regeneration. These represent 
the evaluations of individual surgeons reporting upon the progress of their 
patients during a time period when recognition of the failure of appearance 
of signs of regeneration is vastly more important than the quality or extent 
of that regeneration. As such, they can illustrate only a trend toward what 
may be in the future concrete evidence of functional restoration. A final 
analysis of neural regeneration will depend upon the meeting of patients 
and an analyst supported with experience in these matters and by a battery 
of objective testing instruments. These basic data, and such data that may 
follow concerning individual major peripheral nerves, are derived from the 
many individual Registry forms that will each form a starting point for 
future studies in this field of military neurosurgery. 
REFERENCES 
1. Peripheral nerve registry report, S.O. Form 941, A.S.F. Letters, 22 November 1944 and 18 April 
1945, Office of the Adjutant General, Washington. 


2. Woopna.t, B., and Lyons, W. R. Peripheral nerve injuries. I. The results of “early” nerve suture: 
a preliminary report. Surgery, 1946, 19: 757-789. 








EXPERIMENTAL HYDROCEPHALUS 


FRANC D. INGRAHAM, M.D.,* EBEN ALEXANDER, JR., M.D.,+ anp 
DONALD D. MATSON, M.D.+ 


Neurosurgical Service, The Children’s Hospital, and Department of Surgery, Harvard 
Medical School, Boston, Massachusetts 


(Received for publication January 18, 1947) 
INTRODUCTION 


HE TREATMENT of hydrocephalus in infants and children has been an 

enigmatic and challenging problem throughout the centuries of med- 

ical record. It remains a puzzling problem today, in spite of the wealth 
of information available concerning the chemistry of the cerebrospinal 
fluid and the physiology of its formation, circulation, and absorption. 

The advent of aseptic surgery and anesthesia has accelerated the search 
for an effective therapeutic treatment of hydrocephalus. Studies in therapy 
have been limited almost exclusively to human subjects and the methods 
evolved have varied from the purely chemical to the purely mechanical, and 
from the ingenious to the bizarre. 

In large part the work on therapy of hydrocephalus has consisted of iso- 
lated clinical trials without adequate control observations or follow-up 
studies. Many of these methods have been presented with unwarranted 
enthusiasm, but almost without exception they have fallen into disrepute 
and have not subsequently been used. 

Hydrocephalus was produced experimentally as early as 1907 and a more 
dependable technic developed in 1914, but this experimental tool has been 
put to little use in the laboratory investigation of the therapy of hydro- 
cephalus. Congenital hydrocephalus has been reported in animals by Houck” 
and numerous others, but its occurrence is very rare and such cases would 
not be available in sufficient numbers for investigative purposes. A reliable 
method for experimental production of hydrocephalus is the first requisite to 
laboratory investigation of this condition. 

A review of the literature pertinent to this subject will be presented, 
followed by data on a technic for the production of hydrocephalus in animals 
which has proved sufficiently reliable and feasible to warrant this report. 
The use of this method to produce animals suitable for investigation of 
therapy will be considered in a separate publication. 


REVIEW OF THE LITERATURE 
The first known attempt to produce hydrocephalus experimentally in 


f 


animals was made by Burr and McCarthy.’ They injected several types of 


* Neurosurgeon-in-Chief, The Children’s Hospital, and Assistant Professor of Surgery, Harvard 
Medical School. 

+ Fellow in Neurosurgery, The Children’s Hospital, and Research Fellow in Surgery, Harvard 
Medical School. 
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irritating solutions, including a glycerine extract of the adrenals, urine, and 
dilute hydrochloric and carbolic acids into the lateral ventricles of kittens. 
Some of their animals died during the first day after injection; none were 
allowed to survive more than 10 days. Dilatation of the ventricles did not 
result but they reported inflammation of the ependymal lining of the ven- 
tricles. 

The experimental production of hydrocephalus was accomplished by 
Flexner’ in 1907, incidental to the production of meningitis in monkeys. 
In 1909 Cushing and Bordley’ introduced a material called “sponge-tent” 
into the posterior fossa of an animal. They were investigating the problem of 
papilledema, but a coronal section of the brain of their experimental animal 
was shown, in which there was definite ventricular dilatation. 

Thomas,” in April, 1913, presented a paper before the Washington Uni- 
versity Medical Society in Saint Louis, describing a method of producing 
hydrocephalus in dogs by the introduction of aleuronat and starch into the 
ventricles. This substance is a finely granular albuminous compound, in- 
soluble in body fluids, and irritating to the ependymal lining of the ventri- 
cles. The inflammation set up by this substance caused obstruction in 
various parts of the ventricular system, either in the foramen of Monro, the 
aqueduct of Sylvius, or in the posterior fossa. Hydrocephalus resulted fol- 
lowing the injection of aleuronat in all of 17 animals which lived 7 days or 
more. He did not report any failures. Thomas was able to demonstrate the 
point of obstruction to the flow of cerebrospinal fluid at autopsy by the in- 
jection of India ink into the ventricles before the death of the animals. 

In December, 1913, Dandy and Blackfan* reported preliminary studies 
of the production of hydrocephalus in dogs by the introduction of a piece of 
cotton into the aqueduct of Sylvius. A more complete report of these studies, 
and additional observations, appeared in December, 1914.° Obstruction of 
the aqueduct produced dilatation of the lateral and third ventricles, whereas 
obstruction of one foramen of Monro produced dilatation of the ventricle on 
that side. Furthermore, when the choroid plexus was removed at the time of 
blocking of the foramen of Monro, no ventricular dilatation resulted on that 
side. This was interpreted as proving that the cerebrospinal fluid comes 
from the choroid plexus. 

In 1914, Frazier and Peet" utilized dogs rendered hydrocephalic by oc- 
clusion of the aqueduct with cotton to observe the effect of alterations in 
arterial and venous circulation in the brain on the production and absorption 
of cerebrospinal fluid. 

Subsequent reports by Dandy!“ amplified his previous work, but except 
for these the literature contained few references to experimenental hydro- 
cephalus until 1920. At that time, Weed* produced ventricular dilatation in 
kittens by the subarachnoid injection of a 10 per cent suspension of lamp- 
black in Ringer’s solution. Fundamental observations were made by Weed*! 
supporting the hypothesis that the cerebrospinal fluid is produced by the 
choroid plexus and absorbed by the arachnoid villi. 
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The lampblack-injection method of making animals hydrocephalic was 
used by Wislocki and Putnam® and by Najiagas.”* By introducing iron am- 
monium citrate and potassium ferrecyanide into the ventricular system 
before death, which precipitated Prussian blue granules in the tissues, they 
presented evidence favoring the absorption of at least a small amount of 
cerebrospinal fluid through the ventricular walls. 

Hoen*®® covered pieces of cotton with lampblack, introduced them into 
the aqueduct of Sylvius, and produced acute hydrocephalus. His studies of 
these animals was interpreted as showing that under certain circumstances a 
reversal of flow of cerebrospinal fluid may occur through the choroid plexus. 

Use of Weed’s method of producing hydrocephalus with lampblack was 
also reported by Redaelli and Previtera,” and Stewart?’ utilized the same 
method in studying the effect of developing hydrocephalus on the electro- 
encephalogram in kittens. 

The cisternal injection of a suspension of hydrated aluminum silicate, 
‘alled kaolin, into rats will also produce hydrocephalus. This method was 
widely used by Lindauer and Griffith,” Griffith, Jeffers, and Lindauer," 
Griffith and Roberts,!’, Griffith, Jeffers, and Fry,” and Griffith, Fry, and 
McGuinness." Their primary interest was in coincidental hypertension that 
was produced, but subsequently attention was focussed on the study of 
papilledema occurring in experimental hydrocephalus in rats. 

Stuck and Reeves** have found that thorotrast, a colloidal preparation, 
when introduced into the cisterna magna of experimental animals, will 
produce ventricular dilatation, due, presumably, to its irritating effect in 
the subarachnoid space. 

Controversy over the validity of Dandy’s experiments has arisen because 
of the failure of some investigators to achieve the same results. Guleke," 
in 1930, using Dandy’s technic of introducing cotton into the aqueduct of 
Sylvius, found that hydrocephalus resulted in only 8 of 38 animals in which 
the aqueduct was occluded. Hassin, Oldberg, and Tinsley!’ performed the 
same type of experiment on 15 dogs, and ventricular dilatation resulted in 
only 3. In these 3 dogs the obstruction was in the fourth ventricle, and not 
in the aqueduct. Hassin concluded from this study, and from pathological 
studies he had made on human patients, that the cerebrospinal fluid comes 
from the ventricular walls and not from the choroid plexus. Chiatellino,® 
on the other hand, cecluded the aqueduct of Sylvius in dogs with a segment 
of rubber catheter, and he was able to demonstrate the development of ven- 
tricular dilatation in all animals that survived more than a few days. He 
did not record the actual number of animals operated upon or the percent- 
age that developed hydrocephalus, but his method was apparently simple 
and reliable. Hydrocephalus developed in some of the animals in spite of 
the fact that occlusion of the aqueduct, as shown by intraventricular injec- 
tion of radio-opaque material, was not complete. 

It has been generally assumed, following the experimental work of Dan- 
dy,®" that occlusion of the vein of Galen in dogs, or thrombosis of the vein 
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of Galen in human subjects, would result in hydrocephalus. This has been 
presumed to cause increased venous pressure in the choroid plexus, with 
resulting hypersecretion of cerebrospinal fluid. In Dandy’s group of 10 dogs 
in which the vein of Galen was ligated, however, only one dog developed 
mild dilatation of the lateral ventricles. Guleke!’ reported a single case simi- 
lar to that of Dandy, but 8 other cases showed no hydrocephalus. 

The neurophysiological research on this subject by T.H.B. Bedford!:?*:4 
has received relatively little attention in this country. After carefully review- 
ing the literature, he concluded that no single case previously reported stood 
the test of critical analysis, and that thrombosis of the vein of Galen in 
human patients had not been shown to result in hydrocephalus. 

In 47 dogs, Bedford ligated the vein of Galen near its origin. Of this 
group, 28 lived 3 to 6 months, but none of them developed hydrocephalus. 
In subsequent experiments, he determined that under normal circum- 
stances, the venous pressure as measured in the torcular Herophili was 
slightly lower than the cerebrospinal fluid pressure. After ligation of the 
external jugular veins, both cerebrospinal fluid pressure and venous pressure 
rise, but the former returns to approximately normal levels within 1 to 2 
hours, whereas the latter returns to normal much more slowly, over a period 
of 24 hours. The resulting increased venous pressure in the vein of Galen in 
these experiments did not cause increased cerebrospinal fluid pressure, nor 
did it cause hydrocephalus. 

Confirmation of Bedford’s work was given by Schlesinger,” who coagu- 
lated the vein of Galen in 3 monkeys and 3 rabbits. Convulsions were in- 
duced by the administration of drugs, in order to increase the venous pres- 
sure in the vein of Galen. No dilatation of the ventricles was found in any 
of these animals. 

EXPERIMENTAL METHOD 

Review of the literature reveals the multiplicity of methods used to 
produce hydrocephalus in animals, and tke controversy that resulted in 
certain instances regarding the methods used. It was felt expedient to de- 
velop a reliable method of producing hydrocephalus in animals, so that, as a 
later part of the experiment, methods of therapy could be studied. 

Further confirmation of the inadequacy of previously reported methods 
was obtained through experiments in this laboratory. Introduction of a piece 
of ordinary cotton into the aqueduct of Sylvius in a series of adult cats and 
several puppies was carried out, but failed to meet with consistent success. 
In several adult dogs, cotton soaked in a saturated solution of kaolin was 
introduced into the aqueduct. One of these dogs lived for 6 months and 
developed marked hydrocephalus. The other animals succumbed early after 
repeated postoperative generalized convulsions. One spider monkey lived 
4 months after kaolin-soaked cotton was placed in the aqueduct, and at 
autopsy the ventricles were markedly dilated. 

Kaolin suspension was introduced into the cisterna cerebellomedullaris 
in 7 kittens, with production of hydrocephalus in one instance. The difficulty 
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Fic. 1. The posterior fossa has been exposed by suboccipital craniectomy and retraction of the 
dura over the cerebellum and medulla. The vermis of the cerebellum is retracted upwards and forwards. 
A preformed cellophane cylinder is being introduced along the floor of the 4th ventricle into the posterior 
end of the aqueduct under direct vision. 


of raising very young kittens in the laboratory, plus the low percentage of 
production of significant hydrocephalus, made this method unsatisfactory. 
A‘ 10 per cent suspension of lampblack was injected in a similar fashion into 
the cisterns of 11 young kittens and puppies with essentially the same un- 
satisfactory results as with kaolin. 

It seemed desirable to discover a method which combined partial imme- 
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diate obstruction of the aqueduct with subsequent progressive increase in 
the degree of block, so that the animals would better survive the operative 
procedure and go on to develop hydrocephalus gradually. To this end the 
irritative properties of cellophane appeared well adapted. This substance 
was shown by Page* to set up a local inflammatory process and to cause 
intense scar tissue formation. In addition, cellophane could be handled 
easily, placed accurately, and would not be absorbed or washed away in 
body fluids. 

A description of the method finally developed follows: 

Healthy adult average-sized dogs were used. Anesthesia was maintained satisfactorily 
with intravenous nembutal. The animal was placed on his abdomen with the chest and neck 
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Fic. 2. Diagrammatic midsagittal section showing the method of introduction of a cellophane cylinder 
into the aqueduct. For clarity of illustration, the aqueduct is about twice normal size. 


well elevated from the operating table, and the head strongly flexed and held securely in a 
head rest. Careful attention to the maintenance of a clear airway was always observed. A 
midline incision was made caudally from the prominent external occipital protuberance and 
the muscles separated to expose the occipital bone, atlas, and atlanto-occipital membrane. 
A suboccipital decompression was performed, including the dorsal portion of the foramen mag- 
num. The atlanto-occipital membrane was incised in the midline and the dura opened over 
the cerebellum and cisterna cerebellomeduilaris. This gave an excellent exposure of the cis- 
tern, the cerebellum, and the medulla. 

Access to the 4th ventricle was obtained by opening the arachnoid and retracting the ver- 
mis of the cerebellum and the choroid plexus upward with a malleable retractor. By gently 
advancing the retractor, the posterior end of the aqueduct of Sylvius was exposed. A pre- 
formed cylinder of cellophane was then introduced into the aqueduct under direct vision (Figs. 
1 and 2). 

The cellophane used was du Pont cellophane P.T. 300, which was sterilized by soaking 
in an aqueous solution of zephiran 1: 1000 for 24 hours. A piece 3 cm. in length and 1 em. in 
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width was folded on itself so that it measured 0.5 em. in width. Into the fold a 7 mm. segment ne 
of ureteral catheter was placed. The cellophane was then rolled tightly on the catheter to form ne 
a cylinder about 2 to 3 mm. in diameter and 7 to 8 mm. in length (Fig. 3, right). This was cel 
placed on a special carrier made by bending the blunted end of a No. 20 lumbar puncture cu 

Th 











' 
i 
' 
| 
Fig. 3. Right: A piece of cellophane as it is wound tightly around a segment of ureteral catheter fixed 
on the end of a needle. Left: The carrier used to introduce the cellophane cylinder into the aqueduct of 
Sylvius. The wire stylet, passed through this 20-gauge lumbar puncture needle, is fitted into the lumen 
of the ureteral catheter within the cellophane. When the cylinder is in the aqueduct, it is released from the The 


carrier by withdrawing the stylet. lar di 
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needle approximately 8 cm. in length (Fig. 3, left). A wire stylet, introduced through this 
needle, was inserted into the lumen of the ureteral catheter in the center of the cylinder of 
cellophane. When the cellophane cylinder had been introduced into the aqueduct on this 
curved carrier, the stylet was withdrawn, thus depositing the cylinder in the desired location. 
This being completed, the wound was closed in layers with interrupted sutures of silk. 


mL: ° LJ " . 
rhis operation was performed 34 times. For the most part, there was 





r fixed 
uct. of 
lumen Fig. 4. Dog. No. 68. Animal died 8 days after cellophane cylinder was placed in the aqueduct. 
om the The cylinder can be seen in the uppermost coronal section of the fixed brain. There is moderate ventricu- 


lar dilatation. 
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Fig. 5. Dog. No. 21, Moderate degree of hydrocephalus 23 days after introduction of cello- 
phane cylinder into the aqueduct of Sylvius. 


relatively little postoperative reaction, although the animals were less active 
than normal and their appetites were diminished. Not infrequently they 
exhibited bilateral spontaneous horizontal nystagmus. Many carried their 
heads in an elevated extended position. 

The mortality in the first 7 days after operation was 20.59 per cent. Of 
the animals that survived more than 7 days, significant hydrocephalus de- 
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Fia. 6. Dog. No. 121. Ventriculogram performed with air 46 days after aqueduct of Sylvius occluded 
by the cylinder of cellophane. Air injected the previous day through needle in lumbar region did not pass 
through the aqueduct. Dandy test with P.S.P. showed no flow from ventricle to lumbar subarachnoid 
space. 
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Fig. 7. Dog. No. 31. Marked ventricular dilatation 53 days after occlusion of the aqueduct of Sylvius 
by a cellophane cylinder. The asymmetry of the ventricles was the result of a transcortical exploration of 
the left lateral ventricle. 


veloped in 74.07 per cent; 61.76 per cent of all the animals operated on by 
this method developed hydrocephalus. In the last series, of 12 animals, in 
which the aqueduct of Sylvius was occluded by cellophane sterilized in 
zephiran solution, 1 died an anesthetic death. The remaining 11 developed 
hydrocephalus. Cellophane sterilized by autoclaving was used in some of 
the early experiments but the impression was gained that it was more 
effective in producing hydrocephalus when it was soaked in zephiran. Al- 
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though some of the animals survived as long as 8 months, most of them were 
sacrificed within 3 months after operation. Ventriculograms and electro- 
encephalograms were done in several of these cases (Fig. 6). 

Postmortem examinations were made routinely. After preliminary fixa- 
ation of the brain in situ with 10 per cent formalin solution, it was removed 
intact and placed in formalin. Coronal sections were made after adequate 
fixation, for estimation of the extent of hydrocephalus and verification of 
the position of the cellophane cylinder. Typical coronal sections are illus- 
trated in Figs. 4, 5, and 7. 


SUMMARY 

1. A review of the literature concerning the experimental production of 
hydrocephalus in animals has been presented. 

2. A reliable method of producing hydrocephalus in animals has been 
described in detail. This method has utilized the property of cellophane to 
incite formation of scar tissue. By the introduction of a cylinder of cellophane 
into the aqueduct of Sylvius, a progressively complete obstruction to cere- 
brospinal fluid circulation was created. 

3. Hydrocephalus resulted in 74.07 per cent of the animals that survived 
more than 7 days after this operation. In a final series of 11 animals, hydro- 
cephalus was found in 100.0 per cent after occlusion of the aqueduct of Syl- 
vius with zephiran-sterilized cellophane. 
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CASE REPORTS AND TECHNICAL NOTES 


CEREBROSPINAL RHINORRHEA BY WAY OF THE EUSTACHIAN TUBE 


REPORT OF CASES WITH THE DURAL DEFECT IN THE MIDDLE 
OR POSTERIOR FOSSA 


ArtuHuR Ecker, M.D. 


Department of Surgery (Neurosurgery), Syracuse University College 
of Medicine, Syracuse, New York 


(Received for publication October 11, 1946) 


It is now well known that the leakage of cerebrospinal fluid from the nose results most 
always from a defect or tear in the dura mater associated with a fracture or hiatus in the ante- 
rior fossa of the skull. Most often the bony gap is in the posterior wall of a frontal sinus, the 
roof of an ethmoidal sinus or the cribriform plate.':4.° Occasionally the osseous defect is in the 
roof of the sphenoidal sinus. However, it is not generally known that the leakage of cerebro- 
spinal fluid from the nose may really be due to a dural defect in the middle or posterior fossa. 
Such a tear in the dura, if associated with a traumatic or surgical fracture of the temporal 
bone, allows cerebrospinal fluid to enter the middle ear or mastoid cells and thence to drain 
from the eustachian tube into the nasal cavity. This fact is illustrated by four cases in the 
present paper. 

Case 1. The patient was a young man who suffered a blunt injury of the head as a result of 
a traffic accident on Nov. 4, 1944. There was immediate bleeding from the right ear. From the 
time of his injury he also experienced the discharge of clear colorless fluid from the nose and 
persistent weakness of the right side of the face. On Nov. 28, 1944 there developed meningitis 
caused by pneumococcus type 22. The patient recovered promptly after administration of 
sulfadiazine and intrathecal penicillin for 8 days. However, on Dec. 8, 1944 meningitis de- 
veloped again and was then found to be due to a hemolytic staphylococcus aureus and to a 
nonhemolytic streptococcus. 

On Dec.12, 1944, when the patient came under the author’s care, examination revealed a 
drowsy young man with normal temperature and pulse rate. He had a peripheral type of 
facial palsy on the right side, deafness of the right ear, a blood clot in the right external 
auditory canal and slight blurring of the nasal borders of the optic disks with some engorge- 
ment of the retinal veins. The rest of the neurological examination was negative. The patient 
was carefully observed for a few days and it was seen that the cerebrospinal fluid sometimes 
drained from the right nostril and sometimes from the left, and a greater flow seemed to result 
when he lay on his left side. 

On Dec. 17, 1944 the author performed a bifrontal craniotomy with ligation of the superior 
sagittal sinus and splitting of the falx. This permitted a thorough intradural exploration of both 
right and left anterior fossae of the skull including the region of the cribriform plate and the 
roof of the sphenoidal sinus. Noevidence of fracture or dural defect was found. However, the 
cribriform plate was deep, especially on the right side, and theoretically there might have been 
a fracture in its depth. Therefore, fibrin foam, soaked in thrombin, was placed over the cribri- 
form plate and covered with a free periosteal graft. The patient tolerated the procedure well 
and improved slowly but uneventfully. For 2 weeks after operation he continued to drain 
cerebrospinal fluid from his nose. The flow of fluid ceased at that time and the patient re- 
covered. 


Case 2. This is a patient of Mr. Norman Dott’ who has given permission for its publication 
and who wrote on July 15, 1946: 

“My case of cerebrospinal rhinorrhea from eustachian tube was in a child, a girl about 8 
or 10. She was at the Children’s Hospital in Edinburgh at least 15 years ago. She had a frac- 
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ture of the base of the skull which ran through the left petrous and down to the foramen 
magnum. It was missed in x-rays. She was unconscious or semi-conscious. There was no 
external discharge from the ear and damage in this neighborhood was not appreciated. There 
was continuous cerebrospinal rhinorrhea from the left nostril. This certainly occurred as she 
lay on her left side. There was no fluid discharge from the right nostril at any time. It was 
said that rhinorrhea continued from the left nostril even when she Jay on the right side. She 
recovered consciousness, the discharge continuing. We explored the left anterior fossa and 
found no place of leakage. The rhinorrhea continued a few days. She then developed menin- 
gitis from which she died. There was a history of previous mastoiditis. Post-mortem showed 
some chronic infection of the mastoid cells and an infection spreading along the fracture and 
intracranially. The dura had been torn over the posterior surface of the petrous. The fluid had 
been escaping into the middle ear and thence along the eustachian tube into the pharynx and 
was appearing at the left nostril.” 


Case 3. This patient, reported by Schroeder® in 1944, had a cyst-like tumor in the cerebel- 
lopontine angle (apparently an acoustic nerve tumor). [t was removed through an opening 
made in the skull behind the right ear. The patient did well following the operation except 
that a clear salty fluid dripped from his nose when he leaned forward. Otherwise, the fluid ran 
into his pharynx. The patient subsequently developed meningitis which responded to sulfa- 
diazine and was followed by spontaneous cessation of the drainage of the clear fluid into the 
patient’s nose or throat. 


Case 4. Dandy? also reported a case of cerebrospinal rhinorrhea which developed following 
removal of a tumor of the acoustic nerve. The healed surgical wound was re-opened and the 
hollow in the petrous bone was painstakingly waxed but without any effect on the drainage of 
cerebrospinal fluid. The ear drum was found to be bulging with fluid. ““Methylthionine 
chloride (methylene blue) was injected into it. A blue-stained fistula was located in the 
posterior wall of the middle ear. This cartilaginous opening was sutured and the adjacent 
mastoid waxed. The wound broke down with infection, and the sutures were extruded. ... 
The rhinorrhea persisted. Several weeks later, on April 6, 1988, he had another attack of 
meningitis (Staph. aureus) and died.” 


SUMMARY 


This isa report of four cases of cerebrospinal rhinorrhea in which the eustachian tube acted 
as an aqueduct for the fluid. In the first two cases, previously unpublished, the source of the 
fluid was a dural defect in the middle or posterior fossa associated with a traumatic fracture 
of the petrous bone. Negative exploration of the anterior fossa of the skull had been per- 
formed on both patients. Also reported are two cases from the literature in which cerebro- 
spinal rhinorrhea resulted after operation for an acoustic nerve tumor. In order to avoid 
misdirected exploration of the anterior fossa of the skull it is important to recognize these 
rare cases in which cerebrospinal fluid issues from the nose and in which the dural defect lies 
in the middle or posterior fossa. 
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TRIGEMINAL NEURALGIA DUE TO CONTRALATERAL 
TUMORS OF THE POSTERIOR CRANIAL FOSSA 


REPORT OF 2 CASES* 


Watuace B. Hamsy, M.D. 


University of Buffalo, School of Medicine, and the Buffalo General Hospital, 
Buffalo, New York 


(Received for publication October 12, 1946) 
INTRODUCTION 


Major trigeminal neuralgia is so typical in its manifestations that confusion in diagnosis 
rarely arises. As experience increases, however, more cases are encountered that require care- 
ful reconsideration of our conception of this disease. In several reported cases, pain indis- 
tinguishable from major trigeminal neuralgia has been found to be due to lesions compressing 
the ipsilateral trigeminal root.’ [ have found only 1 report in the literature of trigeminal pain 
caused by a contralateral neoplasm.* Two such cases recently seen furnish the clinical basis 
for this report. 


CASE REPORTS 


Case 1. Pronounced signs of posterior fossa lesion without papilledema. Clinical im pression 
of pontine glioma or aneurysm of basilar artery. Exploration of right cerebellopontine angle, on 
side of trigeminal pain, revealing evidence considered characteristic of a pontine tumor, with se- 
vere stretching of trigeminal root. Death following section of trigeminal root. Autopsy: Meningi- 
oma under left side of pons and cerebellum. 

P.J., a 54-year-old woman, was examined on April 14, 1945 for Dr. I. I. Sidenberg of Ni- 
agara Falls, New York. 

In February 1944, left radical mastoidectomy had been done for relief of chronic otitis 
media. Five days after operation there suddenly developed left peripheral facial paresis, 
dysphagia and dysarthria. These gradually improved. During the following year numerous 
neurological difficulties developed. Vision became impaired, with diplopia in either direction 
of gaze. She had head pain, which became progressively severe in the right eye, radiating over 
the vertex to the right occipital region. The pain was severe, paroxysmal, lasted for about 
30 seconds and then disappeared. It was initiated by change in position of the head. No facial 
paresthesias nor numbness were noticed. Dysarthria persisted, with frequent slurring of 
speech. Gagging, occasional regurgitation of fluid through the nose and hiccoughing were 
frequent. True external vertigo and ataxia of gait had persisted since the initial attack. Nau- 
sea and emesis developed in recent months. Considerable pain was noted about the left shoul- 
der joint. 

Examination. The patient was an acutely ill woman, who walked unsteadily and fell in 
the Romberg position. She had frequent paroxysms of pain striking over the right eye, re- 
sembling the picture presented by patients having trigeminal neuralgia of the ophthalmic di- 
vision. The neck was flaccid. The right pupil was larger than the left, both reacting. The 
optic discs appeared normal and the visual fields were not restricted. Vision was depressed. 
Extra-ocular movements were normal without nystagmus, but diplopia was experienced on 
deviation of the eyes to either side. The left corneal reflex was diminished. Mild left peripheral 
facial palsy was noted. Air conduction was absent in the left ear but bone conduction was 
equal on the two sides. The left side of the palate was paretic. Elevation of the left shoulder 
was weak. The left side of the tongue was paretic and atrophied. Movements of the left arm 
were slowed and produced pain in the left shoulder. No ataxia of the arm was noted. Tendon 
reflexes in the left arm were increased, while those of the legs were normal, without Hoffmann 


* Presented at the meeting of the Harvey Cushing Society, October 10, 1946, Boston, Massachusetts, 
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or Babinski responses. Senses of vibration and position were not impaired. The remainder of 
the neurological examination was normal. 

On April 27, 1945, an encephalogram failed to fill the ventricles. The subarachnoid mark- 
ings showed no lateral distortion. The cisterna magna appeared normal. The cisterna pontis 
was not visualized. 

Discussion. The patient presented evidence of bilateral involvement of the brain stem 
developing suddenly 5 days after a left mastoidectomy and progressing subsequently to in- 
volve other cranial nerves. The precipitous onset suggested a lesion involving the blood supply 
of the pons. The progressive involvement of pontine structures suggested progressive oblitera- 
tion of pontine branches of the basilar artery. The progression of signs and particularly the 
severe right trigeminal pain that was initiated by change of position of the head indicated the 
possibility of an aneurysm of the basilar artery. Since a pontine glioma could not be eliminated 
clinically and since the right trigeminal pain had become disabling, exploration of the right 
cerebellopontine angle was considered necessary for diagnosis and for relief of pain. 

Operation. On May 1, 1945, with the patient under intravenous sodium pentothal anes- 
thesia and in the sitting position, respiration ceased and the blood pressure fell to an unre- 
cordable level. On temporary change of position and forced oxygen administration respirations 
were resumed and blood pressure improved. The patient then was replaced in the sitting posi- 
tion and the operation proceeded without difficulty. 

Through a right retromastoid vertical incision and craniectomy the cerebellopontine angle 
was explored. Dural tension was not increased. The 9th, 10th and 11th nerves and then the 
8th were identified. The vertebral and basilar arteries were not seen. The pons and medulla 
appeared expanded. As the cerebellopontine angle was approached, a large bilobed, pulsating, 
blue mass was seen and at first appeared to be an aneurysm. More careful inspection proved 
this to be the petrosal vein dilated to 5 mm. in diameter and constricted into 2 globules by a 
band of arachnoid. The vein was coagulated and severed. The 5th nerve root ran directly 
downward, instead of upward and forward, and its lower end was tightly compressed be- 
tween the pons and the incisura of the tentorium. The root was severed. The pons appeared 
enlarged, tightly filling the incisura. To relieve compression the tentorium was incised laterally 
for 3 em. The wound was closed. 

Postoperative Course. The patient did not respond and had considerable respiratory diffi- 
culty. She expired suddenly 43 hours after operation. 

Autopsy Findings. The cerebrum was markedly swollen, with flattened convolutions. The 
brain stem was compressed, with foraminal herniation of the cerebellar tonsils. In the left 
cerebellopontine angle was a 6X4 X0.5 em. meningioma displacing the cerebellum and brain 
stem backward and to the right. It arose from the dura and invaded bone in the medial pos- 
terior aspect of the petrous portion of the temporal bone and the adjacent left lateral part of 
the basilar portion of the occipital bone. It invaded the left internal acoustic meatus and the 
jugular foramen, completely destroying the bone in these areas. , 

Comment. This left posterior fossa meningioma produced bilateral cranial nerve signs and 
symptoms suggesting a pontine glioma or an aneurysm of the basilar artery. It caused contra- 
lateral trigeminal pain without sensory loss, resembling trigeminal neuralgia. At operation, 
displacement of the brain stem was mistaken for the appearance of a pontine glioma, so the 

possibility of a contralateral mass was not recognized. 


Case 2. Typical left-sided trigeminal neuralgia of all divisions. Exposure for trigeminal 
tractotomy revealing a contralateral posterior fossa meningioma. Cure following removal. 

D.M., a 69-year-old woman, was examined on Nov. 8, 1945 for Dr. W. C. Smith of Erie, 
Pennsylvania. 

For 18 months this patient had suffered from pain in the left side of the face. She so feared 
attacks of the pain initiated by talking, that the history was obtained from positive and nega- 
tive responses to direct questioning. The pain was paroxysmal and instantaneous, involving 
the entire face. Talking, eating and touching the face initiated the paroxysms. 
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Neurological Examination. This was entirely normal with no evidence of sensory loss in the 
face. Diagnosis was made of left trigeminal neuralgia, complete. Because all divisions of the 
5th nerve were involved, trigeminal tractotomy rather than trigeminal rhizotomy was con- 
sidered desirable. 

Operation. On Nov. 9, 1945, with the patient under intravenous sodium pentothal anes- 
thesia and in the sitting position, the arch of the atlas and the lower part of the occipital bone 
were removed through a midline incision. The dura was opened with a V-shaped incision and 
the cerebellar tonsils were found prolapsed below the foramen magnum. Exploration disclosed 
a solid tumor 1 cm. below the surface of the right hemisphere of the cerebellum. The right 
cerebellar tonsil was resected and cortex was removed to expose the surface of a typical 
meningioma. The exposure being inadequate for its removal, the incision was extended over 
the right superior nuchal line, a right suboccipital craniectomy was performed and the dura 
was opened widely. The huge meningioma then was removed piecemeal with electrosurgical 
loop and blunt dissection. The tumor arose from the dura under the right transverse sinus, 
filled the space normally occupied by the right cerebellar hemisphere and displaced the brain 
stem markedly to the left. The wound was closed in layers. 

Postoperative Course. The patient made an uneventful recovery and was discharged on the 
16th day after operation. She had no further trigeminal pain and no evidence on examination 
of neurological dysfunction. 

Comment. With no neurological signs to betray its presence, a huge right cerebellar hemis- 
pheri¢ meningioma produced a clinical picture indistinguishable from that of contralateral 
complete major trigeminal neuralgia. 


DISCUSSION 

During the development of the modern conception of the characteristics of trigeminal pain 
several assumptions have proved to be true only in the majority of cases. Failure to realize 
variants from these assumptions is a source of possible fatal error. Four such assumptions open 
to question are: 

(1) That the character of the pain of major trigeminal neuralgia is distinguishable from 
that of symptomatic trigeminal pain (due to organic lesions of the trigeminal pathways). 
Lesions causing trigeminal neuralgia by compression of all parts of the extramedullary tri- 
geminal pathway have been reported (peripheral trigeminal branch of gasserian ganglion 
Hyslop,4 Love and Woltman,’ Hamby;? sensory root—Dandy,' Hamby,’ Krause, Lexer," 
Parker,* Raney and Raney’). 

(2) That lesions compressing the trigeminal pathways can be differentiated by character- 
istic sensory changes. While this usually is true, absence of sensory change is not an infallible 
criterion for exclusion of these lesions, as shown in cases reported by Dandy,' Hamby,* Parker,* 
and Raney and Raney.® 

(3) That expanding lesions causing pain by compressing the sensory root also compress 
neighboring structures sufficiently to produce characteristic neurological signs. Although this 
premise usually holds, characteristic signs were not present in several cases previously re- 
ported. Moreover, Case 2 shows that even huge posterior fossa tumors may, at the time of 
examination, cause no symptoms or signs except trigeminal pain. 

(4) That trigeminal pain due to expanding lesions in the posterior fossa is ipsilateral. In 
only 1 previously reported case that has come to my attention has the pain been contralateral 
to the lesion. Parker’s® second case presented a picture clinically very similar to Case 1 in the 
present report. Pain in the right side of the face was so severe that careful examination was 
not possible until pain had been relieved by injection of the 2nd and 3rd divisions of the right 
trigeminal nerve with alcohol. Diagnosis then made of a left acoustic neurinoma was confirmed 
at operation. At autopsy the right side of the pons was compressed against the petrous bone 
by distortion and displacement of the brain stem by the contralateral tumor. 

The desire to relieve the agonizing pain was the chief reason for exploration of the poste- 
rior fossa on the side of the pain in Case 1, although signs indicated that the majority of the 
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cranial nerve lesions were contralateral. When at operation an apparent reason for the entire 
clinical picture was found in the supposed pontine glioma and the cause of the pain in the se- 
vere stretching of the nerve, we were lulled into such a false sense of security that the opposite 
side of the brain stem was not explored. We were awakened only by the autopsy disclosures. 
Barely 6 months later the second case was found. No suspicion was entertained that the pa- 
tient had more than “typical” trigeminal neuralgia until the huge contralateral tumor was 
found on exposure of the brain stem for trigeminal tractotomy. Had the entire distribution 
of the 5th nerve not been involved in this case, the patient’s pain would have been treated by 
transtemporal subtotal division of the sensory root and the cause of the pain would have been 
missed. 

In an earlier report on trigeminal neuralgia’ it was suggested that the cerebellopontine 
angle should be explored and the root severed there, if indicated, in patients displaying any 
signs of organic trigeminal involvement and in patients younger than the usual “tic” group. 
These two cases prove that even this routine would not insure the surgeon against an occa- 
sional unpleasant surprise. The contralateral side must be explored if the cause of the pain 
appears to be due to distortion of the brain stem and stretching of the trigeminal sensory 
root. 

SUMMARY 


‘Two cases are reported of trigeminal neuralgic pain due to contralateral posterior cranial 
fossa meningiomas. One patient had pain involving all divisions of the trigeminal nerve, in- 
distinguishable from typical trigeminal neuralgia. In the other case the pain was a part of 
a syndrome believed due to a glioma of the pons, or to a basilar aneurysm. 
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RESECTION OF THE SUPERIOR LONGITUDINAL SINUS 
REPORT OF CASE 
J. Grarron Love, M.D., anp James R. Gay, M.D.* 
Section on Neurologic Surgery, Mayo Clinic, Rochester, Minnesota 
(Received for publication October 17, 1946) 


Resection of the superior longitudinal sinus is a surgical problem that has only partially 


been solved. The qualified neurosurgeon knows the indications for and the technic of the 


operation, but he is faced with the question of what part of the sinus can be removed with 


* Fellow in Neurologic Surgery, Mayo Foundation, Rochester, Minnesota. 
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safety. A meningioma that surrounds or invades the superior longitudinal sinus is the most 
common condition that necessitates resection of the sinus. 

The superior longitudinal sinus begins at the crista galli in the frontal region of the cran- 
ium. It gradually increases in size as it passes posteriorly in the upper margin of the falx cere- 
bri and terminates in the confluence of sinuses in the vicinity of the internal occipital pro- 
tuberance. Its tributaries consist of some eight to twelve superior cerebral veins and numerous 
other veins communicating with veins of the nose, scalp and diploe. Sargent® stated that the 
superior cerebral veins empty into the superior longitudinal sinus by four principal trunks, 
the frontal, precentral, postcentral and occipital vessels. Other authors refer to the precentral 
and postcentral trunks as the rolandic veins and they are so named in this publication. The 
principal collateral communications of the superior cerebral veins are the middle cerebral 
veins which empty into the cavernous sinus and the diploic veins which communicate with the 
frontal and supra-orbital veins. 

From the surgical standpoint the sinus is divided into three parts. The rolandic veins enter 
the sinus in either the middle or the posterior third. Since the rolandic veins are the principal 
carriers of venous blood from the motor cortex, surgeons have avoided removing the middle 
and posterior thirds. 

According to Dandy! the evidence in the literature that resection of the superior longitudi- 
nal sinus can be tolerated is scant. Much of the available data is derived from study of sinus 
thrombosis which usually is associated with infection. This information has limited value since 
infections of the central nervous system are infrequently confined to the sinus and the pres- 
ence of encephalitis, meningitis, phlebitis, septicemia or systemic manifestations of infection 
has a tendency to obscure the cerebral dysfunction that results from occlusion of the sinus 
alone. 

Dandy! found in the literature only 9 cases of extensive ligation or resection of the superior 
longitudinal sinus and he added 4 of his own cases. Each of these 13 patients had a large 
meningioma which involved the longitudinal sinus. Eight resections included the part of the 
sinus anterior and 5 included the part posterior to the rolandic veins. In most of these cases 
temporary spasticity of the lower extremities occurred. Since recovery of motor function was 
practically complete, Dandy concluded that the temporary paraplegia was primarily due to 
direct trauma of the motor cortex incident to removal of the tumor. He suggested that re- 
section of the sinus in these cases was achieved without appreciable loss of motor function 
because the chronic compression or occlusion of the sinus had allowed sufficient time for the 
development of adequate collateral circulation. Since no one has reported extensive resection 
of a normal patent sinus, his conclusions cannot be proved or disproved. 

MacLean? studied 6 cases of primary thrombosis of the longitudinal sinus with chronic 
obstruction from the clinical and pathologic standpoint. In these cases no definite evidence of 
infection involving the longitudinal sinus or central nervous system was found. The patients 
survived obstruction of the longitudinal sinus for relatively long periods. The venous drain- 
age of the right side of the cerebrum appeared to be more dependent on a patent sinus than 
that on the left side. MacLean divided the signs and symptoms of obstruction into four 
groups: (1) external evidence of collateral circulation, such as dilatation of the veins of the fore- 
head and sealp, edema of eyelids, conjunctival injection or exophthalmos; (2) mechanical 
changes from damage to cerebellum and spinal cord due to dilated accessory venous chan- 
nels; (3) jacksonian convulsions, hemiplegia or the presence of blood in the spinal fluid as the 
result of cerebral venous stasis and (4) headache, mental dullness progressing to stupor, or 
cerebral blindness. Some of these signs and symptoms were observed in the case herein re- 
ported, 

The paucity of accurate accounts of extensive removal of the superior longitudinal sinus 
With observations on resulting cerebral dysfunction prompted this case report. 


REPORT OF CASE 


The patient, a Greek lawyer, 40 years old, was examined at the Mayo Clinic on May 29, 
1939. He had been ill for 6 weeks. His illness was characterized by occipital headaches which 
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extended to the right frontal region, weakness of the right hand and lower extremity, and ir- 
ritability and depression which disturbed him and his family. 

Examination of the nervous system revealed right hemiparesis, slight agraphia and apha- 
sia. On examination of the eyes bilateral papilledema, a small hemorrhage in the left ocular 
fundus and normal vision and perimetric fields were found. Roentgenograms of the head 
showed no abnormal findings. Encephalography was performed on June 5, 1939, by one of us 
(J. G. L.) and this revealed that a large space-occupying lesion was present in the left fronto- 
parietal region (Fig. 1). 

Craniotomy was carried out the same day. A large osteoplastic bone flap was made in the 





Fig. 1. Encephalogram made prior to first craniotomy, showing shift of ventricular system to the 
right and downward displacement of left lateral ventricle. This was interpreted as evidence of a space- 
occupying lesion in the left frontoparietal region. 


left frontoparictal region of the skull. The scalp and bone were unusually vascular. In the 
parasagittal region a sunburst of vessels was observed in the dura and beneath these vessels 
the tumor was found. It was so large that it was necessary to ream out the center in order to 
collapse and deliver the capsule. The electrosurgical unit was used to separate the capsule 
from the longitudinal sinus. Two trunks of rolandic veins entered the sinus at either end of the 
tumor, but the collapsed tumor capsule was removed without disturbing these veins. The tu- 
mor, which weighed 75 gm., was described by the pathologist as a hemorrhagic degenerating 
meningioma (Fig. 2). The preoperative signs and symptoms disappeared in less than a month 
after operation. The patient occasionally had convulsions which involved principally the right 
arm and were followed by a short period of unconsciousness. 

The patient successfully performed his usual occupation until the fall of 1942, when his 
symptoms returned. Examination of the nervous system on Nov. 19, 1942 revealed right 


q 





hemi 
essen 
3). A 
taine 
mass 
not si 
the el 

T 


cours 


contin 
enough 

Ear 
at the | 
site (F; 
for 2 di 

On 
found 4 
the mic 
This pe 
It was 1 
Veins in 
Two he 
portion 
This me 


© the 


pace- 


n the 
essels 
ler to 
ypsule 
of the 
he tu- 
rating 
nonth 
> right 


en his 
1 right 








RESECTION OF THE SUPERIOR LONGITUDINAL SINUS 185 


hemiparesis, slight agraphia and aphasia. A ventriculogram made on Nov. 25, 1942 showed 
essentially the same findings as the encephalogram made prior to the first operation (Fig. 
3). At craniotomy on the same day a large cyst was found in the parasagittal region. It con- 
tained about 3 fluid ounces (90 cc.) of yellow fluid. Underneath this cyst a recurrent tumor 
mass was attached to the longitudinal sinus by a broad base. The sinus was patent and was 
not sacrificed. As much tumor as possible was removed from the wall of the sinus by means of 
the electrosurgical unit. The tumor was reported to be a meningioma. 

The condition of the patient improved dramatically after operation and he was given 2 
courses of roentgen therapy. The convulsions, which involved chiefly the right arm and leg, 





Fia. 2 


. Meningioma removed at first operation. The tumor weighed 75 gm. 


continued to occur at intervals of 10 days in spite of sedation. However, the patient was well 
enough to perform his work successfully. 

Early in 1946, symptoms returned for a second time and when the patient was examined 
at the clinic on Mar. 12, 1946, a firm mass was found in the center of the previous operative 
site (Fig. 4). Craniotomy was advised and 240,000 units of penicillin were administered daily 
for 2 days prior to operation as prophylaxis against infection. 

On Mar. 22, 1946, at operation for which local anesthesia was used, one of us (J. G. L.) 
found that the tumor involved the superior longitudinal sinus and extended on both sides of 
the midline. The anterior portion of the longitudinal sinus was clamped, ligated and divided. 
This permitted delivery of the tumor. The tumor completely filled the sinus near the cut end. 
It was necessary to clamp and divide the sinus posterior to the communications of the rolandic 
veins in order to remove all of the tumor. About 10 em. of the longitudinal sinus was removed. 
Two hemostatic forceps were left in place to control bleeding from the end of the remaining 
portion of the sinus. In addition some 1 inch (2.5 em.) gauze strips were used for hemostasis. 
This method of controlling bleeding was necessary because of the technical difficulty of ligat- 
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Fia. 3. Ventriculogram made prior to second operation for recurrent tumor. The findings were essentially 
the same as those before the first operation (Fig. 1). 





Fig. 4. Lateral view of skull showing extent of cranial defect. The rolandie veins entered the superior 
longitudinal sinus in the posterior portion of the defect. 
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ing the end of the sinus in the presence of brisk bleeding. 
The forceps were loosened 2 days after operation and on 
the 4th postoperative day were removed from the wound 
without incident. The tumor weighed 90 gm. and was de- 
scribed by the pathologist as a meningioma (Fig. 5). 

After operation the patient had slight weakness of the 
right arm and hand and a complete paraplegia. His con- 
valescence in the hospital was long and stormy. In the first 
part the wound healed slowly and the patient’s emotional 
and behavior reactions were profoundly pathologic. He was 
extremely irritable, moody and depressed and assumed cata- 
tonic postures. Control of the bowels and bladder was ex- 
cellent. He was disoriented, moderately aphasic and 
agraphic. A few convulsions were observed, but were 
easily controlled by minimal doses of phenobarbital. In 
the last half of his convalescence emotional control im- 
proved, disorientation, agraphia and aphasia subsided and 
some motor function in the right arm and hand and lower 
extremities returned. 

An extensive program of physical therapy and rehabili- 
tation was prescribed and supervised. Five months after 
operation the patient had regained sufficient strength and 
movement of his lower extremities to be able to walk with 
the aid of two canes. While a residual paraplegic condition 
is present at the time of this report, the patient is ambula- 
tory and has improved sufficiently to be able to return to 
work, 


COMMENT 


During the first and second operations in this case the longitudinal sinus and the rolandic 
veins were preserved with meticulous care. This made each of these operations more tedious 
and more difficult technically. However, this was done in order to preserve as much function- 
ing venous circulation as possible. If the hypothesis of Dandy is valid, this choice of procedure 
permitted a gradual development of collateral venous circulation serving the frontal and 
parietal cortex since the tumor recurred slowly and the longitudinal sinus was occluded for a 


relatively long period. 


It was necessary at the third operation to sacrifice a considerable portion of the longitudi- 
nal sinus in order to remove the tumor completely and spare the patient additional recur- 
rences and operations. This procedure resulted in bilateral interruption of the rolandic veins. 
Since the patient was under local anesthesia, it was possible to observe the development of 
complete paraplegia as soon as the tumor was removed and the rolandic veins were resected. 
From an anatomic and physiologic standpoint it seemed doubtful whether motor function of 
the lower extremities or satisfactory control of the bowels and bladder would return. How- 
ever, after the immediate postoperative period the patient had good voluntary control of 
micturition and defecation. His convulsions after the third operation were much less of a prob- 
lem than they were before operation and he regained sufficient motor function to stand un- 


assisted and walk with minimal support. 


The technic of leaving hemostatic forceps within the cranial cavity was an emergency pro- 
cedure which was necessary because of the excessive bleeding after sectioning the sinus in the 
posterior part of the parietal region. This procedure carries considerable mechanical risk for 
the patient and in addition, provides a possible route for infection. However, under the ex- 
traordinary circumstances of this operation, it was necessary in order to preserve the life of 


the patient. 


While the third operation may be considered a technical triumph, the benefit to the patient 
would have been restricted greatly were it not for the extensive rehabilitation program. Physi- 


RESECTION OF THE SUPERIOR LONGITUDINAL SINUS 
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Fic. 5. Recurrent meningioma 
removed at third operation. The 
tumor weighed 90 gm. 
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cal medicine may be expected to play an increasingly important role in the postoperative care 
of this type of neurosurgical patient. 

Detailed reports of cases similar to this one are important in order to provide the surgeon 
with additional knowledge of what cerebral dysfunction to expect when it becomes necessary 
to resect that part of the superior longitudinal sinus which receives venous blood from the ro- 
landic area. 
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AUTODERMOGRAPHY 


A NEW AND SIMPLE METHOD OF DEMONSTRATING THE PROPAGATION OF 
PAIN AND DISORDERS OF SURFACE SENSIBILITY 


Rupotr Cerny, M.D. 
Clinic of Neurology (Director: Prof. K. Henner), Charles University, Medical Faculty 
of Prague, Czechoslovakia 


(Received for publication October 23, 1946) 


This contribution describes a method of clinical examination for pain as well as other sen- 
sory disturbances, based on the active cooperation of the patient. The patient is asked to draw 
on his skin, with the aid of a dermograph pencil, his own areas of pain or rather projection of 
pain, of hypo- or hyperaesthesia, of disorders of tactile or thermic sensitivity, or segments of 
paraesthesia. 

The author, working among African natives, saw cases of anaesthetic leprosy which itself 
draws areas of anaesthesia by depigmentation of the skin. In painful conditions of various 
etiology, the natives frequently demonstrate the painful areas by making scratches with their 
nails on the skin, and self-infected points de feu follow exactly the cutaneous segments. This 
suggested the method of demonstration of sensory disturbances here described. 

By asking the patient to draw on his skin the outline of his subjective sensory disturb- 
ance, whatever its nature may be, one obtains, in a short time, accurate pictures of pain dis- 
tribution, dys- or paraesthesia, made without influence of the examiner, and providing accu- 
rate clues to diagnosis and localization. It is my opinion that this subjective method surpasses 
the well known so-called classical “‘objective” methods, but certainly by combining both, the 
best results are likely to be obtained. 

We are now using this kind of examination in all cases of pain and paraesthesia. When 
the drawings are made, the patients are photographed or the findings charted (Figs. 1 and 2). 

Our greatest experience in the application of this method is with root pains in so-called 
lumbago and sciatica, mostly the monoradicular syndromes of the lower extremities. The 
drawings obtained are in agreement with the dermatome charts of J. H. Kellgren reported 
by J. Jay Keegan,’ and not in accordance with the work of Head, Foerster or Déjerine. The 
patient draws the areas of root pain and on checking these with tests for sensitivity, we find 
that they coincide exactly. 

Early in the disease, cutaneous segments of hyperaesthesia are found; usually after longer 
duration there is hypaesthesia. In the majority of cases where an operation has been per- 
formed, our experience is in agreement with that of Keegan, who finds, in most of his patients 
operated upon, segments of hypaesthesia. These segments are independent of etiology. 

Inman and Saunders! described so-called ‘“‘sclerotomes,” which indicate the areas of pain 
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in the deeper tissues. From the point of view of localization, these sclerotomes are in agree- 
ment with the findings of Keegan and ourselves as far as the innervation of the segments of 
the lower limbs is concerned. 

In the segments of pain described by us are the points of Valleix and also the points of 
most frequent pain, and of the propagation of pain as published by American, English and 
French writers. 

While drawing, some patients themselves provoke pain in order to obtain precise informa- 
tion. Sometimes we help them to recall their areas of pain by similar methods, i.e., by bending 





Fic. 1. Posterior, lateral and anterior views of a patient’s own diagram of pain distri- 
bution in an area corresponding to the left 5th lumbar dermatome, 


the body, looking for Laségue’s sign, ete. In this way we enable the patient to bring out areas 
of pain of which he is only partly conscious. Sometimes we require the patient to draw the 
most painful areas, in this way obtaining a picture of “complete” as distinct from “partial” 
pain in analogy with percussion. 

Patients who exaggerate or who suffer from functional disorder may produce bizarre 
drawings, bearing no relation to segmental distribution. 

After cutting the posterior sensory roots, patients will readily draw areas of desensitivity, 
thus giving us a proof of the coincidence of pain and anaesthesia, and providing a check on the 
roots that have been cut. 

Until now few of our investigations have been verified by operation but we have sufficient 
material to consider this cooperation on the part of the patient most useful from the diagnos- 
tic point of view. We class the method here described among the routine clinical methods of 
neurological examination. The drawings produced by patients usually surprise us by their 
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precision. The length of the band of pain drawn in the autodermogram usually coincides with 
the entire segment; also overlaps are less extensive than in the hyperaesthetic and hypaesthe- 
tic areas. In the majority of cases, the patient knows better than the physician the position of 
his pain. 


Fig. 2. Posterior and lateral views of a patient’s own drawing of receding 
paraesthesia in a left Ist sacral radical syndrome. 


I began using this method in 1943 with all patients, so that my experience covers several 
hundred cases. Statistical data and a comparison with verification by operation in our clinic 
will be published later. 
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THE ROLE OF THE DENTATE LIGAMENTS IN 
SPINAL CORD COMPRESSION AND THE 
SYNDROME OF LATERAL SCLEROSIS* 


EDGAR A. KAHN, M.D. 


University Hospital, Ann Arbor, Michigan 
(Received for publication October 25, 1946) 


HE IMPORTANCE of the dentate ligaments in the pathological physiology 

of spinal cord compression has not been sufficiently stressed. I believe 

there are cases of anterior spinal cord compression that have been mis- 
takenly diagnosed as primary lateral sclerosis chiefly because of the réle 
played by the dentate ligaments. 

Wechsler and Brody” in a recent article state as their opinion that “‘selec- 
tivity” on the pyramidal tracts ““by a noxious agent, whatever its nature,” 
accounts for a disease entity, primary lateral sclerosis. Of their 61 cases 
recorded in the past ten years with the tentative diagnosis of lateral sclerosis 
at least 34 later evolved as other syndromes, including spinal cord compres- 
sion. It is not the purpose of this article to attempt solution of the problem 
as to whether there is a disease entity of primary lateral sclerosis, but rather 
to show how a condition similar clinically can have a mechanical origin, 


Case 1. A man aged 50 showed the typical clinical picture of lateral sclerosis. There was 
no subjective history of pain or involvement of the upper extremities. Spastic paralysis of 
the lower extremities with numbness and tingling +t had progressed gradually over a period of 
14 months until the patient was no longer able to walk. There recently had been noted diffi- 
culty in voiding while standing but none while lying down. 

Examination. There was marked spastic paralysis of both lower extremities with bilater- 
ally positive Babinski’s sign. Tactile and pain sense were entirely normal including the sensa- 
tion of heat and cold in the bladder. Vibratory sense was diminished bilaterally, more marked 
on the right leg. Both sense of motion and position of the toes were normal. The upper extremi- 
ties were normal. Blood studies, including Kahn test, were negative. X-rays of the cervico- 
dorsal spine, although not very satisfactory, were thought to be negative except for arthritic 
changes. Review at a later date when the diagnosis was established showed evidence of calci- 
fication in the intervertebral disc between the 6th and 7th cervical bodies. 

Lumbar puncture revealed no block but a total protein of 118 mg. per 100 cc. Spinal fluid 
Kahn test was negative. A myelogram disclosed a suggestive defect between the 6th and 7th 
cervical bodies. Operation was advised with the diagnosis of a midline herniation of the nu- 
cleus pulposus. 

Operation. On Dec. 19, 1945, the 5th through the 7th cervical spinous processes and lam- 
inae were removed. An extradural approach revealed a marked posterior protrusion of the 
intervertebral disc in the midline between C-6 and C-7. The dura was opened. The cord was 
found to be firmly anchored to the anterior mass by the dural attachments of the dentate 
ligaments. These attachments were divided, mobilizing the cord. The cord was retracted later- 
ally and an incision made through the anterior dura and posterior longitudinal ligament into 


* Presented at the meeting of the Harvey Cushing Society, October 11, 1946, Boston, Massachusetts. 
{ Subjective numbness may be complained of if either tactile or pain and temperature, or even 
articular or vibratory sense, has been diminished or lost (Elsberg).! 
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the herniated disc. Only a small amount of calcified nucleus pulposus was removed, and this 
with difficulty. It was thought that the cutting of the dentate attachments alone, thus decom- 
pressing the cord backward, would relieve the patient’s symptoms. 

Course. Immediately postoperatively the patient was very much worse and both hands 
were extremely weak. The strength of the hands improved rapidly but improvement of the 
legs was slow. A perineal prostatectomy was performed on Feb. 22, 1946, for benign prostatic 
hypertrophy. Examination 14 months after operation revealed improvement in that he could 
stand alone and walk with crutches, neither of which was he able to do preoperatively. 


Discussion. Nothing was accomplished in the removal of this small 
amount of calcified disc substance, and the cord was traumatized during the 
procedure. Had the mass been the usual soft midline herniated nucleus 
pulposus, its excision would have been indicated. Excision of a calcified 
nucleus pulposus from in front of the cord is fraught with danger. Some 
years ago the author removed such a disc from the dorsal region of a man, 
who promptly developed a permanent incontinence with increase in his 
spastic paralysis. Freeing the dentate attachments and allowing the cord to 
escape backward might have resulted in cure, as the calcified mass would 
never have expanded farther. 


Case 2. A woman aged 36 entered the University Hospital Aug. 20, 1946, with a chief com- 
plaint of weakness of the hands and legs. The patient had been well until October 1945, when 
she noted numbness and tingling in the hands. In November 1945, weakness of the hands de- 
veloped. In March 1946, weakness and numbness of the legs were noted, with difficulty in 
walking. There was never any pain or urinary disturbance. Examination elsewhere at that 
time revealed a hemoglobin of 65 per cent and lumbar puncture was said to be normal. She 
was treated with liver extract with some improvement. 

Past history revealed that 8 years previously she had struck her head in diving. A month 
later severe stiff neck developed and was said to have been relieved by a chiropractor. Shortly 
after, stiff neck again developed but disappeared after a series of chiropractic manipulations, 
never to occur again. 

Examination. She was an obese woman walking with a markedly spastic gait. There was 
weakness in both hands with a suggestion of atrophy. Hoffmann’s sign was bilaterally present. 
Biceps and triceps jerks were active. The abdominal reflexes were obtained. The knee and 
ankle jerks were hyperactive. Babinski’s sign was present bilaterally and there was marked 
spasticity of the legs. 

Sensory examination revealed normal pain and temperature sense. Touch and sense of 
motion and position of the toes were normal. Vibratory sense was diminished bilaterally. 
There was astereognosis of the hands, though sense of motion and position of the fingers was 
normal. No definite sensory level could be established. 

X-rays of the cervical spine were essentially negative. Lumbar puncture revealed no evi- 
dence of block. The spinal fluid protein was 67 mg. per 100 cc. A myelogram was carried out 
using 2 cc. of lipiodol. A block was present between the 4th and 5th cervical vertebral bodies. 
Lateral x-ray studies with the patient in the head-down, prone position suggested that the 
compression arose anteriorly. 

Operation. On Sept. 23, 1946, under intratracheal anaesthesia, the laminae of the 3rd, 4th 
and 5th cervical vertebrae were removed. There was no abnormality seen on exposure or pal- 
pation of the dura. The dura was opened leaving the arachnoid intact. There was the usual 
amount of fluid visible in the subarachnoid space, beneath which the cord could be seen. 
The dentate ligament was identified on the right and two attachments cut. No abnormality 
was seen on the right, lateral or anterior to the spinal cord. On the left the dentate ligament 
was firmly attached to the dura, and fixed to a soft extradural swelling. The dentate attach- 
ment was divided, allowing the cord to be easily mobilized posteriorly and to the right. This 
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had been impossible before this dentate attachment was divided. A smooth bulging mass was 
seen lateral and anterior to the spinal cord. An incision was made through the anterior dura 
over the swelling, which extended to the midline. Herniated disc substance immediately ap- 
peared. Four free and separate pieces were removed with slight traction. The entire material 
when assembled as one piece was about the size of a date pit. The cord now lay perfectly free, 
another dentate attachment above on the left being divided. The cord itself seemed somewhat 
flattened but there appeared to be no pressure on the cervical nerve root as the apex of the 
swelling appeared between the nerve roots, and directly over a dentate attachment. The dura 
was Closed with a continuous silk suture and muscles were closed in the usual manner with 
silk. 

Course. Less than 6 hours postoperatively patient stated that the strength in the hands 
had increased and this seemed to be borne out by examination. The following day the spastic- 
ity in the legs was less marked. She was discharged the 12th postoperative day, greatly im- 
proved. Examination 5 months postoperative revealed complete recovery. 


Discussion. It is my opinion that similar cases are not rare and the fol- 
lowing is an attempt to explain how pressure exerted anterior to the cord 
could result in a syndrome of lateral sclerosis.* 

Gasser and Erlanger,’ in studying action potential waves in peripheral 
nerves, Classified nerve fibers into three groups, A, B, and C, according to 
strength of stimulus necessary to produce the wave, and the speed of con- 
duction. The A fibers were the largest in diameter, were the most irritable, 
and conducted at the greatest speed. The B fibers were smaller, conducted at 
less speed, and probably carry rapidly conducted or “first pain’? of Lewis 
and Pochin.* The C fibers were extremely small, probably unmedullated, 
conducted very slowly, and many of them presumably correspond to the 
“second or delayed pain fibers” of Lewis and Pochin. 

Gasser and Erlanger found that on compression of a peripheral nerve 
the fibers were affected in the order of their size, the large fibers being the 
first to lose their conductivity. Thus, motor, vibratory sense, and touch 
fibers lose their conductivity before pain. Wortis et al.,!° studying loss of 
function of a lower limb subjected to acute anoxia, found that touch and 
vibratory sense, and depression of ankle jerk were lost in the human before 
sense of position and pain. “First pain,” carried by larger fibers than “second 
pain,” was always affected first. Zotterman,' distending the blood pressure 
cuff above the systolic pressure and leaving it on the upper arm for 40 min- 
utes, was able to produce a differential anaesthesia of the hand and fingers. 
At a certain stage only pain sensation remained, and its rate of conduction 
was very slow, corresponding to the C fibers of Gasser and Erlanger. 

Gasser and Erlanger accounted for the greater effect on fibers of large 
diameter, namely, motor, vibratory, position sense and touch, by analogy 


* Dr. I. S. Wechsler has kindly sent me abstracts of 4 of his cases in which a surgical spinal cord 
lesion in the cervical region mimicked degenerative spinal cord disease. Two of the patients were men 
with a syndrome suggestive of amyotrophic lateral sclerosis without bulbar signs. It was atypical in that 
both patients had pain in the shoulders and increased spinal fluid protein with arrest of the contrast 
medium at the 5th cervical vertebra. One had a herniated intervertebral disc between the 5th and 6th 
cervical bodies, and the other a meningioma anterolateral to the cord. Both showed postoperative im- 
provement. These cases will be reported in detail from the Mount Sinai Hospital in New York. 
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with the effect of pressure on thin-walled tubes. It is a well known law of 
mechanics that under pressure the large tubes would collapse before the 
small ones. It is not certain, however, that nerve fibers with their fat-like 
myelin sheaths act as tubes. If they act as solid cylinders instead of tubes, 
the effect is known to be mechanically opposite, the smaller fibers suffering 
the greater damage. It is possible, however, that the smaller fibers might be 
protected in the interstices of the larger fibers which have so much greater 
a surface area. A fiber with a diameter of 10u covers a surface area one 
hundred times as great as does a fiber of 1p. 

Another explanation seems more plausible. Gerard’ observed that when 
nerves are subjected to anoxia in a closed chamber, fibers are not blocked 
in a homogeneous or continuous fashion but fall out in groups, probably 
determined by fiber diameter. In this type of experiment the block occurs 
first in groups that have a higher rate of metabolism. Replacement of the 
fluid in which the fibers are bathed has no effect in preventing or delaying 
block. This indicates that block is due to exhaustion of an oxidizing reserve 
and militates against the supposition that it is due to the accumulation of 
metabolites. Fulton? also states that fibers of larger diameter are more sub- 
ject to lack of oxygen than the smaller fibers. The principle is of considerable 
importance in the interpretation of in vivo asphyxia experiments, according 
to Wortis et al. The work of Wortis ef al. suggests that those portions of the 
peripheral nerves that conduct impulses at higher rates of speed and that are 
most irritable have the highest metabolic requirements and are most suscep- 
tible to metabolic disturbances. 

It seems only logical, and there is good evidence to show, that the fibers 
that make up the long ascending and descending tracts of the spinal cord are 
roughly proportional in size to their corresponding peripheral nerve fibers. 
Hiiggqvist,’ after careful study, believes that finely medullated fibers with 
diameter of less than 2yu are the conductors of pain sensation in the spinal 
cord. He found the spinothalamic tracts to be made up of relatively fine 
fibers and the posterior funiculi of coarser fibers. Hiiggqvist also concluded 
that the fibers of the pyramidal tract have a diameter varying from 5 to 21z. 
Sjéqvist!?" states: “Axis cylinders which are large outside of the central 
nervous system will remain large also in the medulla.” 

If, then, fiber size in the spinal cord is proportional to corresponding 
fibers in peripheral nerves, compression applied to the spinal cord should 
affect conductivity of fibers of large size first, whether it acts as if the fibers 
were a series of tubes, which is doubtful, or whether the pressure results in 
the anoxia of ischemia. Thus, motor, vibratory sense, and touch fibers 
would be affected before the minute pain fibers, were the pressure trans- 
mitted equally in all directions. The strong attachment of the dentate liga- 
ments in anterior spinal cord compression prevents this equalized transmis- 
sion of pressure for a time at least. Stress analysis by Mr. Alfred Zweig" 
of Albert Kahn, Associated Architects and Engineers, shows that on anterior 
spinal cord compression, the cord being firmly fixed by the dentate liga- 
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ments, the first pressure wave is farthest anterior. There is, however, a 
secondary wave of pressure lateral in the cord and running posterior to the 
dentate ligaments which would act directly on the pyramidal tracts. Least 
stress of all is placed on the posterior columns (Fig. 1). 

In anterior spinal cord compression I believe that, with pressure over a 
period of time, the pyramidal tracts, because of the greater stress on them 
and the large size of their fibers, have more disturbance of conductivity than 
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Fic. 1. Showing lines of stress in anterior spinal cord compression. Greatest. stress is anterior on 
tracts disturbance of which would not be demonstrable by clinical tests. Secondary stress is directly on 
pyramidal tracts. The leg area is most lateral in pyramidal tracts, while the hand area is most medial, 
explaining usual sparing of the hands. 


the pain fibers of the spinothalamic tracts, even though the latter are closer 
to the compressing mass, be it midline herniated nucleus pulposus or tumor. 
Touch is preserved because, even though the touch fibers of the ventral spi- 
nothalamic tracts may fail to conduct, there is still sufficient sensation car- 
ried in the more protected posterior columns to prevent the clinical detection 
of touch disturbance. Postural sense is preserved because the attachment of 
the dentate ligaments prevents the posterior columns, which are farthest 
from the compressing mass, from being pressed against the unyielding lami- 
nae.* Thus may be produced a clinical, though not necessarily a pathological 


* Further evidence that the dentate ligaments prevent the posterior columns from being pushed 
backwards is the presence of normal epidural fat over the lesion. 
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picture of lateral sclerosis with pyramidal tract disturbance and little or no 
sensory change. 

I should like to discuss the subject of early versus late spinal cord com- 
pression. In the ischemia of early compression the factor of anoxia with 
disturbance in conductivity in the larger fibers must come into play before 
true physical damage to these same fibers; this means physiological or func- 
tional before anatomical disturbance and is a reversible reaction. Thus is 
explained the rapid return in motor power sometimes seen after relief of spi- 
nal cord compression (Case 2) a few hours postoperatively, with return to 
normal a few days later. This can only mean change in conductivity in other- 
wise normal fibers. With long-continued pressure, however, pathological 
change takes place in nerve fibers because of direct mechanical effect on 
“tubes or cylinders” and a true sclerosis with gradual disappearance of mye- 
lin sheaths and axis cylinders and their replacement by glial tissue is seen. 
This is an irreversible process and explains the poor results seen in operations 
for long-continued spinal cord compression. 

The Brown-Séquard syndrome in spinal cord compression is, I believe, 
usually caused by a laterally placed, extramedullary, intradural tumor an- 
terior to the dentate ligament. The picture at operation is familiar to all 
neurosurgeons. The cord is seen to be firmly anchored to the dura on the side 
of the tumor by the dentate ligament, which forms an are over the tumor, 
with its convexity posterior. The lateral attachment of the dentate ligament 
must be freed before the tumor can be approached. 

Dr. Rollo McCotter,® Professor of Anatomy at the University of Michi- 
gan, has suggested to me that the dentate ligaments and their attachments 
on being subjected to a long period of abnormal stress may increase in 
strength and size. This type of ligamentous change is commonly seen in or- 
thopedic conditions. 

It is obvious that pressure transmitted to the cord in this way is not 
equally distributed. The greatest pressure is applied directly to the spino- 
thalamic tract and next to the pyramidal tract of the same side. The effect 
on the posterior columns is unimportant (Fig. 2). 

A reverse Brown-Séquard syndrome is sometimes seen. This has been 
attributed to lateral pressure on the spinal cord by tumor, with impingement 
of the spinal cord on the unyielding bony wall of the opposite side. In other 
words, the tumor being softer than the vertebral wall, more damage is caused 
to the cord by the latter. Newton’s Law of Action and Reaction, which states 
that if a force is exerted it is resisted by an equal and opposite force, shows 
that this conception is wrong. However, if a force were exerted over a wide 
surface area and were resisted by a smaller surface area, the greater force 
would be exerted over the smaller surface area. I believe that this is what 
happens in the reverse Brown-Séquard syndrome: There is lateral pressure 
exerted extradurally by tumor over the area between dural prolongations 
which carry the nerve roots. These prolongations might resist lateral dis- 
placement at their point of attachment to the dura but the cord could be 
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displaced laterally between them. Here the dentate ligaments would play no 
role, as the dura with its enclosed cord, membranes and ligaments would be 
bodily moved across the vertebral canal. The surface area of the tumor exert- 
ing its force on the spinal cord would be broader than the area of impinge- 
ment on the bony canal, and a greater local force would be exerted on the 
cord at that point (Fig. 3). The reverse Brown-Séquard syndrome is more 


INTRADURAL TUMOR 


Brown-Sequard Syndrome 










Pyramidal tract 
Line of equal stress 


Dentate ligament 


a a 
Lat¢cral Spino-thalamic tract 


Ventral spino-thalamic tract 


Fig. 2. Author’s conception of usual Brown-Séquard syndrome. The stress on 
the pyramidal tract is almost as great as on the lateral spinothalamic. 


likely to occur in the dorsal region where the canal is so much narrower than 
in the cervical region. Elsberg' mentions the reverse Brown-Séquard syn- 
drome and the one case he describes in his book Tumors of the Spinal Cord 
is that of an extradural tumor in the dorsal region. 

The argument might be used that the herniated intervertebral dise would 
act as an anterior extradural tumor and move the dura with its contents 
backwards en masse so that the dentate ligaments would play no part. Ana- 
tomical studies, however, show that the dural prolongations strongly resist 
posterior displacement of the dura and provide a fixed point from which the 
dentate attachments can act. The intervertebral disc lies at exactly the level 
of the dural prolongations. 

In closing, I should like to digress and consider a spinal cord condition 
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that does not have a mechanical basis, the posterolateral sclerosis of perni- 
cious anemia. There is unanimity of opinion today that this degenerative 
condition is caused by a metabolic disturbance. Greenfield and Carmichael® 
showed that there was an effect on the peripheral nerves here as well as on 
the cord. They showed that fibers in the peripheral nerves of large size were 
more affected than those of smaller size. This also holds true in the spinal 


EXTRADURAL TUMOR 


Reverse Brown-Sequard Syndrome 


Wide surface area of 


Small surface area 
extradural pressure 


of impi ngeme nt 





Fic. 3. Author’s conception of reverse Brown-Séquard syndrome. The contralateral pressure on 
the cord is greater because of the smaller surface area of impingement. The dentate ligaments would 
play no réle here. 


cord, as the posterior columns and pyramidal tracts are more affected than 
the spinothalamic tracts. Moreover, the dorsal spinocerebellar tracts, which 
Ranson explicitly states are made up of fibers of uniformly large size, are also 
involved. Is it then possible that this metabolic disturbance acts chiefly on 
the large fibers of the spinal cord with their greater metabolic requirement 
and thus ultimately produces the pathological picture seen in posterolateral 
sclerosis? An explanation would have to be found for the fact that the direct 
pyramidal tracts do not seem to be involved, though this might be due to a 
difference in blood supply. 


SUMMARY 


1, Gasser and Erlanger, studying action potential waves, found that on 
compression of a peripheral nerve, the fibers were affected in order of their 
size, the larger fibers being the first to lose their conductivity. 

2. The larger fibers with their greater irritability and their greater rate of 
conduction have higher metabolic requirements than the smaller fibers. 
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They, therefore, more quickly reflect the metabolic disturbance caused by 
the ischemia of compression with its resultant anoxia. 

3. Fiber size in the tracts of the spinal cord is grossly proportional to 
corresponding fibers in peripheral nerves. 

4. The changes in conductivity found on compression of a peripheral 
nerve should hold for the spinal cord were the pressure equally distributed. 
In anterior spinal cord compression, however, the strong attachments of the 
dentate ligaments may prevent this equal distribution of pressure and pro- 
duce the syndrome of lateral sclerosis. 

5. The suggestion is put forth that the disturbance in metabolism which 
produces degeneration in the posterolateral sclerosis of pernicious anemia, 
does so by acting on the large fibers of the posterior columns and pyramidal 
tracts, with their higher metabolic requirements. 
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THE THREE TYPES OF GLIOBLASTOMA 
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HE PROBLEM of glioblastoma multiforme is an ever present one in the 

neurosurgical clinic. In Cushing’s* material of intracranial tumors the 

glioblastomas amounted to 10.4 per cent. While the problem therefore 
is of importance numerically, problems of diagnosis, of treatment and of 
purely human consideration are no less. In some clinics the tendency has 
been to give up, as far as this group of tumors is concerned, and the surgical 
problem has been transformed into a purely diagnostic one. It was hoped 
that the demonstration of arteriovenous anastomoses by angiography (‘Tén- 
nis’) would aid the diagnosis, but it was soon found that this sign was pres- 
ent in only a certain number of cases. 

In the Copenhagen clinic we have followed the principle of always oper- 
ating in these cases whenever the general state of the patient allowed it—in 
the first years because we felt that our experience was too meagre to warrant 
a certain diagnosis, and later on because it became apparent that some pa- 
tients with glioblastoma had a sufficiently long useful survival to justify 
operation. Growing experience seemed to show that long postoperative sur- 
vivals were combined with certain macroscopical and microscopical features, 
and in this report we have tried to correlate these findings for the glioblasto- 
mas in our first 1000 intracranial tumors—102 patients. In the pathological 
report and in some tables, 31 later cases have been added. The survival 
periods and the pathological findings were not compared until the two parts 
of the work were finished. 

PATHOGENESIS 

The gliomas commonly are thought to be ectodermal tumors caused by 
dysontogenetic factors, some cells arrested at an embryonal stage becoming 
mother cells of the tumors. Ostertag’ and others have shown that even in the 
normal subject unripe cells are to be found in certain localizations, e.g. the 
gyrus cinguli and the corpus callosum, where glioblastomas frequently occur. 
The factors which “set off’ the cells to sudden blastomatous growth are, 
however, unknown. In some gliomas, moreover, processes of both differen- 
tiation and of de-differentiation occur and a polymorphous or “multiform” 
picture is found, as in the glioblastomas. The marked degeneration phenom- 
ena, the fact that glioblastomas never metastasize and the rapid explosive 
growth have led some to assume that the glioblastomas really are degenera- 
tive processes and no true tumors at all. 

In 1938 to 1944 Einarson and Neel,®:7:5 and Einarson, Neel and Strém- 
gren’ in a series of papers put forward a working hypothesis which may make 
it possible to combine the two theories and which may bring the solution. 
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Working on the different forms of diffuse sclerosis, diffuse gliomatosis and 
glioblastomatosis they found that the differences might be due to varying 
constellations of the same four factors: 


1. The dystrophic tissue factor: a constitutional insufficiency of the inter- 
fascicular oligodendroglia in dealing with the nutrition of the myelin 
sheaths. 

2. The dyscatabolic tissue factor: an insufficiency of the microglia in 
dealing with the abnormal metabolic prelipoids and degeneration pro- 
ducts of the myelin sheaths. 

3. The histochemical tissue factor: the biological (stimulating resp. inhi- 
biting) actions of the atypical metabolic degeneration products on the 
astrocytic apparatus. 

4. The dysplastic tissue factor: the individual inherent tendency of the 
macroglia to proliferation and blastomatous growth. 

Most probably the dystrophic factor is a hereditary conditio sine qua non 
for the development of the vast demyelinization characteristic of diffuse 
sclerosis (recessive inheritance). Based on this tissue factor hypothesis the 
authors introduced a new quantitative-histological classification of the cases 
of diffuse sclerosis. 

The causal release of the first three tissue factors is thought to take place 
through influences exogenous to the brain (infections, trauma, intoxications, 
anoxia, dietary deficiencies, disturbances in lipoid metabolism, endocrine 
anomalies, formation of a myelolytic agent). Furthermore the first three 
tissue factors are considered to possess the ability of actuating or releasing 
the fourth “intrinsic” tissue factor, and hence they may appropriately be 
termed “extrinsic.” The use of these designations should, however, be 
strictly limited to this special conception. In their cases of diffuse glioblas- 
tomatosis the authors thus consider the intrinsic dysplastic factor the domi- 
nant one, while in other cases, characterized mainly by demyelinization and 
a milder form of reactive cellular gliosis, they think primarily of the 1st and 
2nd factors, the 3rd factor only secondarily stimulating the cells to blasto- 
matous growth. Only then does the 4th factor become of importance; in 
glioblastomatosis it is “‘intrinsic’”’ with respect to the others. 

An apparently significant argument in favor of this theory is the authors’ 
claim to have definitely established the true existence of a glioblastomatous 
form of diffuse sclerosis, and to have shown that there actually do occur 
transitional cases between diffuse sclerosis (a degenerative process) and dif- 
fuse glioma (a true tumor); we refer especially to their Cases 7 and 8 (Einar- 
son and Neel’) and Case 13 (Einarson, Neel and Strémgren’). 

While this theory—or rather synthesis of theories—cannot as yet be con- 
sidered proven, there are so many points which seem relevant to our problem 
that this short summary seems justified. 


PATHOLOGY 


While some authors have subdivided the classical glioma groups of Bailey 
and Cushing’, others have tried to simplify this grouping. Thus, Bergstrand? 
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divided the gliomas, with the exception of oligodendrogliomas and ependy- 
momas, into two groups, called astrocytoma and glioblestoma respectively. 
“ach group comprised three sub-groups (astrocytoma fibrillare, protoplas- 
maticum, gigantocellulare—glioblastoma multiforme, fusiforme, protoplas- 


Fig. 1. Bilateral angionecrotic glioblastoma 
(“butterfly” type) 
12 patients 


Age: 36-37-38-42-44-54-58-59-60-6 1-61-63 years 


History: 1-2-2-3-4-4-4-5-7-12-13-60 (7?) months 
Typical psychosomatic state... . . a3 aes 
Papilledema. .. . 12/12 
Hemianopia........ a . ie 
Triple symptom a . aie 
MMII 5 5555555055: 055665% _ . 6/12 
Impaired sphincteric control . 9/12 
Deaths without operation. . 2/12 
Operative deaths*. . . . . 6/12 


Postoperative survival time: 1-1-2-2 months 





Fic. 2. Bilateral angionecrotic glioblastoma 
(“S-type’”’) 
3 cases 


ry 


Age: 37-50-65 years 
History: 6-9-9 months 


Typical psychosomatic state : se SS 
Papilledema..... Wena ASS . 2/8 
Hemianopia. .. . ae . 0/3 
Triple symptom. . uy 0/3 
PMI cr eripec sri iacsc\aleis wee ; sve 
Impaired sphincteric control... . sisitaveiece,.’ Se 
Deaths without operation. . Biieis dubvaaesetere, 
Operative deaths......... pate .. 1/8 


Postoperative survival time: None 





maticum). This and other attempts at simplification have had no success and 
most neuropathologists find the Bailey-Cushing scheme indispensable. Os- 
tertag” and others mention that the glioblastomas morphologically may be 
subdivided, but that a division is of no practical importance. Deery,* how- 
ever, dividing the glioblastomas into three groups according to the maturity 
of cells (fibril formation and number of mitoses) finds that there is an ap- 
preciable difference in the lengths of history before operation (9.5, 17.5 and 
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Fia. 3. Angionecrotic glioblastoma in one temporal lobe 
4 patients 
Age: 43-48-53-54 years 
History: 2-3-3-4 months 


TE PRACON DE CONOTAMEIE GING... aos ig so aia 00: 5:0 0,5. :5. hoa ono ore oa ede ns 3/4 
SIE ier Jhon cor Gra To Ns Ssinie bn taer wi atatararete setae EAT ke 1/4 
Hemianopia. . . ae oa Pate Coeretens Sah ee 2/4 
Triple symptom. ...... oe ieee aden sta eee cos6, 
Aphasia...... shee ; ee cee easton . 3/4 
Impaired sphincteric control peas ee ree 1/4 
Deaths without operation. . . feeceeeee cose Oe 
|) ee 0/4 


Postoperative survival time: 2-4-13-18 months 


Fig. 4. Angionecrotie glioblastoma in posterior part of one hemisphere 
21 patients 


Age: 21-36-37-37-38-42-47-49-50-5 1-5 1-5 1-53-55-56-57-57-57-59-59-59 years 


History: 1-1-2-2-2-2-2-2-3-3-3-4-4-4-4-4-4-4-5-5-9 months 
RE POMONA CURES 65.5 oii. ais Sie bs veces owsdeneasasawos 19/21 
MENA Co80 8.00 c 5 Tics Falta varv’ 3 vad Doin Pa isis ws Wis vd Giga eoar tela una or 14/21 
NN ca i ca csr dnote wen career SE oe viseoae ere 
ee Soot etn caine Pop aeleatc as pee asCE Oe . 12/21 
Aphasia...... Renae wee Rio nents iheneeas: Se 
Impaired sphincteric control......... hae Re re : ase “Oe 
Deaths without operation......... DER OED EEE ESD A er . 6/21 
Se Pec tnmeaseueiass ie tinaaeeserk 3/21 


Postoperative survival time: 1-2-2-4-4-5-6-7-7-1 1-17-18 months 
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42 months respectively). He does not follow up this finding as to postopera- 
tive survival time. 

As we had some surprisingly long postoperative survivals following oper- 
ation for glioblastoma we suspected error in diagnosis and consequently 
revised our preparations. This led to a subdivision of the glioblastoma group 
into three types, which had much in common, the differences still warranting 
a division. We have become accustomed to speaking of an angionecrotic, a 
multicellular and a magnocellular type (glioblastoma angionecroticum, gl. 
multicellulare, gl. magnocellulare), the term glioblastoma multiforme cover- 
ing the whole group, and we shall try to give an impression of our findings. 

The angionecrotic type was found in 60/133 patients (37 men, 23 women). 
The cerebral localization of these tumors is shown in Figs. 1-4: 26 affected 
the right, 19 the left hemisphere only, while 15 were bilateral. Involvement 
of the corpus callosum was noted in 18 while possible in several others—this 
question can sometimes only be ascertained at autopsy, which was per- 
formed in 24 cases. Only about one third of the tumors were localized in the 
anterior part of the brain. All the tumors had their chief localization in the 
white matter; in 10 cases, however, there was macroscopical infiltration of 
the cortex and in 4 cases the tumor infiltrated the dura, which was confirmed 
microscopically. At operation these tumors were of the characteristic grey to 
yellow color. Ten contained one big cyst of the degenerative type with xan- 
thochromic, jelly-like contents, while 6 contained numerous smaller cysts. 
In all the tumors necroses and hemorrhages were found. In 11 of the tumors 
-alcifications, mostly of the gritty kind, were found macro- or microscopi- 
rally. 

Microscopically the picture is characterized by polymorphism of cells, 
differentiated and undifferentiated cells at random, necroses, hemorrhages, 
and vascularity with proliferation of intima and adventitia. The vessels fre- 
quently are lying in smaller or larger conglomerates and one gets the impres- 
sion that they are integral parts of the tumor itself. Thromboses, fibrous and 
hyaline degenerations are common with the consequent necroses and “‘pseu- 
do-rosettes,” and areas of regeneration by connective tissue are always to be 
found. The cells themselves differ considerably in size and form—spongio- 
blasts in various stages of differentiation, protoplasmic and fibrillary astro- 
cytes mixed with giant cells, some with one, others with several nuclei. The 
vascular phenomena and the resulting changes are so characteristic that the 
name angionecrotic glioblastoma seemed natural (Figs. 5 and 6). 

While the described picture sometimes is to be found in some places in 
our other two types, and especially the vascular changes in various degrees 
are met within all three types, the picture in other respects is different: 

The multicellular type was found in 46/133 patients (33 men, 13 women). 
This type seems less infiltrating in mode of growth—less diffuse—than the 
angionecrotic type. Involvement of the corpus callosum was found in 10, 
invasion of the cortex in 23 and of the dura in 4. Most of the tumors were 
localized in the anterior part of the brain (Figs. 7 to 10). Parts of the tumors 
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6. NK 909. Glioblastoma, angionecrotic type. (Hematoxylin) 
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Fic. 7. Bilateral multicellular glioblastoma 
5 patients 

Age: $4-44-45-46-47 years 

History: 2-3-6-12-70 (7) months 
Typical psychosomatic state 
Papilledema....... 
Hemianopia......... 
Triple symptom. . . 
Aphasia....... 
Impaired sphincteric control. . . 


Deaths without operation. . 
Operative deaths... .. 


Postoperative survival time: 1-28 months 








Fig. 8. Multicellular glioblastoma in one frontal lobe 
19 patients 


Age: 24-27-29-30-31-3 1-32-33-34-35-38-40-4 1-44-52-53-53-54-54 years 


History: 1-1-2-2-2-2-3-3-3-5-8-9-9-16-18-24-24-36-36 months 
Typical psychosomatic state 
Papilledema.... . 
Hemianopia............. 
Triple symptom. . . 
EE eee es ee 
Impaired sphincteric control. . . 


Deaths without operation 
Operative deaths....... 


1) Extracerebral lumps of tumor 


* Ttalics indicate that the patient is still living. 


12/19 
14/19 
1/19 
2/19 
5/19 
3/19 
2/19 
3/19 
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Fia. 9. Multicellular glioblastoma in one temporal lobe 
6 patients 
Age: 23-31-36-40-52-63 years 
History: 3-3-10-12-12-36 months 


TD PGICRL POPOMOSOMARTIC WINN. wii oii ce ieeec besos ded eae dessess .o0 O78 
ee ere b RAAT iis fies IE CREE eae ors ice 
PRCWHANODIG .. 5.6. i cece cees Sia Niet ha ecenl aoe sahoeok ere erenconet . 6 
PMN, 355.50 s die eam eta ae ee ic ucitslois as. oie 
ee ee Cree Mite See ng mea top TON PA Ree oO Nan? . 8/6 
Impaired sphincteric control......................... : ae . 2/6 
Deaths without operation......... eaten en, - 0/6 
CODBEARIVC GICAUING 6 5.50.5 ooo ics acess os aes aoe ears acta, 


Postoperative survival time: 3-5-11-24-27 months 








Fig. 10. Multicellular glioblastoma in posterior part of one hemisphere 
7 cases 
Age: 13-27-29-40-50-51-52 years 
History: 4-6-6-9-13-18-23 months 


Typical psychosomatic state... nays sath ttcien ea eased ieee See 
PNM 5 55. ois csc eens cas Bae tea Bsr 3/7 
Hemianopia........... ee ; 2/7 
Triple symptom. . . Seana EUS eI ay SRR RTE Ioe . 
PR esc as, win yaleusnitocie ates Br Oe ee . BF 
Impaired sphincteric control... . . eee ; Ses - OT 
Deaths without operation............... ee metre . 0/7 
Se eer 1/7 


Postoperative survival time: 17-18-18-22-23-28 months 
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were soft, resembling the angionecrotic type; other parts were firm and more 
fleshy. In 12, single degenerative cysts were found and in 23, several smaller 
cysts. The color at operation was similar to that of the angionecrotic type, 
but necroses and hemorrhages were less frequent. At operation the tumor 
seems more circumscript, and between the tumor and the brain two zones 
are frequently to be found—an edematous zone similar to that found sur- 
rounding the angionecrotic type, and a peripheral zone of firm glial reaction, 
microscopically containing no tumor cells; this latter zone was excised with 





Fic. 11. NK 4030, Glioblastoma, multicellular type. (Hematoxylin) 


the tumor whenever possible. Microscopy showed that this zone was in part 
to be found in the preparations in 37 cases, tallying with the impression of 
the operator, who deemed “‘macroscopical total excision”’ to have been car- 
ried out in 20, which occurred in none of the angionecrotic cases. 

The multicellular type is microscopically vascular, but less so than the 
angionecrotic type; the typical proliferation of intima and adventitia is 
nearly always present. The characteristic feature of this type seems less to 
be polymorphism of cells than richdom in cells, large areas of well preserved 
rather closely lying fusiform or smaller glial cells being found. This tumor in 
parts resembles a spongioblastoma somewhat (Figs. 11 and 12), but may be 
distinguished by more polymorphous cells, areas of edema and necroses, and 
by the vascular changes which, if less conspicuous than in the angionecrotic 
type, are still to be found. 

The magnocellular type was found in 27/133 patients (22 men, 5 women). 
These tumors are still more circumscript than the previous type. Only one 
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involved the corpus callosum, while 5 invaded the cortex, and 1 the dura. 
Their localization is shown in Figs. 13 to 16. Macroscopically this type is 
rather fleshy, in places tough, and the color usually a light red-brown. In 2, 
single degenerative cysts were found; in 9, several smaller cysts. Calcifications 
have been found only microscopically (4 cases), while the peripheral zone of 
glial reaction was recognized in the microscopical preparations in 16. 

The dominant feature microscopically is the big, plump cells (Figs. 17 
and 18), usually with one excentric nucleus; multinuclear giant cells are per- 
haps somewhat more frequent than in the other two types. In between the 
hig cells are seen areas of spongioblasts and astrocytes of different sizes and 
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in different stages of development, and these areas with the typical vascular 
changes, which if less frequent still are to be found, serve to distinguish the 
magnocellular glioblastoma from the astrocytoma gemistocyticum. 

When experience has been gained the diagnosis between the three types 
‘an usually be made at operation. Several times, however, a multicellular 
glioblastoma has been taken for an angionecrotic one, while the angionecrotic 
type has never been taken for anything else. The magnocellular type has 
occasionally been mistaken for a metastatic tumor, but is usually consider- 
ably larger than the average metastasis. 


CLINICAL SYMPTOMS, TREATMENT, AND RESULTS 


Sex. In most materials of glioblastomas the male sex preponderates. In 
our series of 133 patients 92 were men, and 41 women. 
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Fig. 13. Bilateral magnocellular glioblastoma 
2 patients 
Age: 24-30 years 
History: 3-6 months 


Typical psychosomatic state. ....... >» O/2 
Papiliedema.............. 2/2 
Hemianopia : . 0/2 
Triple symptom. : 0/2 
Aphasia. .... » Se 
Impaired sphincteric control . . 1/2 
Deaths without operation. . . 0/2 
Operative deaths... .. 0/2 


Postoperative survival time: 15-27 months 





Y 


Fig. 14. Magnocellular glioblastoma in one frontal lobe 
8 patients 


Age: 18-27-29-30-31-34-35-36 years 


History: 2-2-6-7-12-18-24-26 months 


Typical psychosomatic state 
Papilledema 
ee ere 
riple symptom 
Le eeera ares Se 
Impaired sphincteric control. . . 


Postoperative survival time: 6-11-19-27-27-39-40-88* months 


1/8 
6/8 
0/8 
0/8 

/8 
3/8 
0/8 
0/8 


* This patient was operated upon for a recurrence 58 months after the first operation. 
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Fic. 15. Magnocellular glioblastoma in one temporal lobe 
11 patients 
Age: 25-27-33-43-43-46-51-52-53-63-66 years 


History: 1-2-2-2-3-4-4-5-7-24-24 months 
Be | ee weaning. Se 
NE rE MR acs rst k a ihite Onin nea Ga eee eR OER O 8/11 
Hemianopia......... Pade . : vrebets . 3/11 
ME I 5 sven ene cbeedie waa s0 ; owes 2/11 
Aphasia. . . Rs ee ee Saree o0 
Impaired sphincterie control ce Piei bec reteib ak bieyine win itel ieee .. 2a 
Deaths without operation... .... 0/11 
Operative deaths.............. 3/11 


Postoperative survival time: 4-6-12-12-17-26-33-34 months 


f/ 





Fig. 16. Magnocellular glioblastoma in posterior part of one hemisphere 
+ patients 
Age: 22-30-36-36 years 
History: 2-3-24-60 months 
Typical psychosomatic state 
Papilledema. pes react oe Lucien ere oe oe 
Hemianopia.... . : pig toners es iy eer ee ge 1/4 
Triple symptom 


Pea ere aiprais tase wae a TR aah aoe Le Rises LS TRIS er Ro eis eRe 1/4 
Aphasia... . ee Se En eT a Ee Tee ST RR Re: 
Impaired sphincteric control... . . . Lees bes risa iea ke toat aoe Oe 
Deaths without operation Peis Sete nreie sips aneteiaee chee TE Se rane 0/4 
NRE frie noi dn cy en aap pa ere eae ee hire 0/4 


Postoperative survival time: 5-22-27-38 months 
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Fig. 17. NK 118, Glioblastoma, magnocellular type. (Hematoxylin) 





Fic. 18. NK 8533. Glioblastoma, magnocellular type. (Hematoxylin) 
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Age. The average age of our first 102 patients does not differ markedly 
from that in other materials. Dividing the patients into the three groups we 
find that the average age for the angionecrotic type was 49.5 years at time of 
admission, while for the multicellular and the magnocellular groups it was 
39.6 and 36.4 respectively, so it seems safe to assume a real difference as to age 
for the three types(Fig. 19). 

Length of History. While a short history is typical of glioblastoma, 
Deery’ found marked difference when he divided the glioblastomas into 


number of 
NN. patients 


The 3 /ypes of Glioblastoma. 
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Fia. 19. Age of 102 patients with the three types of glioblastoma. 


three types (see above). Long and fairly long histories (Fig. 20) are especially 
seen in our last two groups; while the average history for the angionecrotic 
type was 5.5 months, we find 12.2 and 10.9 for the multi- and the magno- 
cellular groups. The difference in this respect is, however, not so striking as 
in the ages of the patients. While one feels somewhat sceptical as to the very 
long histories (60 months, 2 cases; 70 months, 1 case), one still cannot help 
thinking of the theory of Einarson and Neel; following this theory it could 
be assumed that some factor extrinsic to the brain could suddenly activate a 
quiescent anlage or a slowly growing tumor, but as to proof of this patho- 
genesis, we have none. 

Cerebral Localization. All of the glioblastomas in our cases have been 
localized in the cerebrum, while none were localized infratentorially. We 
have tried roughly to localize the tumors in certain groups, but want to em- 
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phasize that the projectional markings in the schematical drawings are 
to be taken with several grains of salt, since the markings of these tumors can 
be only approximate. The “butterfly” type (12 cases) seems typical of the 
angionecrotic group. The bilateral tumors of the multi- and magnocellular 
groups are quite different; in both groups the tumors tend to grow into the 
interhemispherical cistern and only a‘smaller part is to be found in the brain 
itself. The ‘“S-type’’—-crossing through the corpus callosum from the anterior 
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Fic. 20. Length of history of 102 patients with the three types of glioblastoma. 


part of one hemisphere into the posterior part of the other—-has been found 
only in the angionecrotic group. All three groups have been found in the pos- 
terior part of one hemisphere and in one temporal lobe, while we in no case 
found an angionecrotic glioblastoma in one frontal lobe. In this location the 
multicellular type tends to grow subpially outside the brain substance and 
‘an be found in fleshy lumps along the base of the frontal lobe or growing into 
the cisterns. While this type frequently is found in the most anterior part of 
the frontal lobe, the magnocellular type seems to favor the premotor region, 
but our material is still too small to make this certain. 

Clinical Symptoms. A discussion of the clinical symptoms falls outside 
the scope of this report. Some symptoms have been summarized below the 
schematical drawings and only a short commentary will be added here. By 
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“typical psychosomatic state’? we mean the nearly pathognomonic state 
described by Olivecrona’’ and others and familiar to all neurosurgeons—the 
intoxicated, “rotten” appearance and the turbid psyche. This state is seen 
most frequently and markedly in cases of bilateral angionecrotic tumors, but 
is by no means uncommon in other types and localizations and may give 
some slight support to the assumption of active factors extrinsic to the 
brain. We had hoped that the triple symptom (some motor and some sensory 





Fig. 21. NK 3345. Glioblastoma, angionecrotic type. Angiography 
showing the typical arteriovenous anastomoses. 


involvement with a hemianopsia) would be a help in diagnosing the angione- 
crotic type, but this was found unreliable. A frequent symptom is impaired 
sphincteric control which, however, is a common symptom in many cases of 
tumors in the anterior part of the brain, even meningiomas (Olivecrona!') 
and is, moreover, dependent on the psychical state of the patient. 

In most of our cases the preoperative diagnosis was glioblastoma, with 
the usual percentage of error (subdural hematoma, abscess, metastasis), but 
it was found impossible to make a reliable “type-diagnosis” on the clinical 
symptoms alone. 

The only real help to a “‘type-diagnosis”’ has been cerebral angiography. 
Arteriovenous anastomoses (Fig. 21) were found in 21 of 33 angionecrotic 
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glioblastomas, in only 1 of 24 multicellular tumors (and even then not quite 
typical), and in none of 17 patients with magnocellular glioblastoma. The 
investigation consequently is of help when positive, but fails in a certain 
number of angionecrotic tumors, presumably because no anastomoses are 
patent at the time of angiography. Still, this method has been of real help 
in making a decision as to operation in some patients in bad general condi- 
tion: If anastomoses are seen, the tendency will be to discourage operation. 
We want to stress, however, that in our opinion the indication for operation 
must in every case be an individual one. 

Surgical Technic. In our first cases we tried to carry out lobectomies, but 
soon discontinued this unsatisfactory procedure for these tumors, and made 
as clean an excision of the tumor alone as was possible without damaging 
important centres. In the angionecrotic type this was most frequently done 
by means of suction with subsequent coagulation of the vessels. In some rare 
cases of the angionecrotic type and in most tumors of the other two types a 
zone of edematous brain tissue with tumor invasion was surrounded by yet 
another zone of firm, glial reaction without invasion; in these cases the ex- 
cision of this last-mentioned layer, which, however, may not be present all 
the way around the tumor, was carried out as far as possible. A “‘macrosco- 
pical total excision” was felt to have been carried out in 20 of 37 multicellular 
glioblastomas, in 14 of 25 magnocellular tumors and in none of the angione- 
crotic group. The dura usually was closed and the bone flap replaced without 
decompression. The cavities generally were drained for 24 hours through a 
separate wound. 

Fatalities. These are recorded in the figures below the schematical draw- 
ings. Of the patients without operation (hopeless general condition) 10/40 
died with angionecrotic tumors, 2/37 with multicellular tumors and none in 
the magnocellular groups. The operative deaths (mostly shock and pneu- 
monia) were 10/30, 8/35 and 3/25 in the three groups respectively, making 
an operative mortality of 23.3 per cent for the whole series. 

Postoperative Roentgen Therapy. This was given in most cases (3,600 r in 
15 daily doses) and when possible the treatment was repeated after 3 and 6 
months. While it is very difficult to judge of the effect of radiation in these 
vases, it is our impression that this therapy is of definite value. A half-hearted 
attempt of giving every other patient Roentgen therapy was never carried 
through as we felt ourselves unable to deprive the particular patient of what 
we felt was the best chance. 

Recurrences. Three patients with recurrences of the multicellular type 
have been reoperated upon 14, 22 and 24 months after the first operation, 
with one death. Two with magnocellular recurrences were operated upon af- 
ter 18 and 30 months, with no deaths. In no case of secondary operation has 
a “macroscopical total excision” been felt to have been carried out. In some 
late recurrences of these types, with the patient in bad general condition, 
radiation has been given, but has had no apparent effect. In the angionecrot- 
ie group no recurrence has been treated surgically, but radiation has some- 
times been given, mostly solaminis causa on the wish of the relatives. 
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Postoperative Survivals. Fig. 22 seems to us to speak for itself. While only 
20 per cent of the angionecrotic group lived 1 year after operation, this was 
the case with no less than 63 per cent of the multicellular and 77 per cent of 
the magnocellular groups (operative deaths deducted). And 11% years after 
operation all patients harboring an angionecrotic glioblastoma were dead, 
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Fic. 22. Postoperative survival time for 69 patients with the 
three types of glioblastoma. 


while of the other groups nearly half of the multicellular and over half of the 
magnocellular groups were still living. 

As to “‘useful life’? (meaning that the patient is able to do some work, not 
necessarily his usual work, and to move about without too much discomfort 
and to partake to some extent in usual life), the figures are: 


Duration of useful life after operation for glioblastoma 


No. of Useful Life Useful Life 
Type Postoperative for more for more 
Survivals than } Year than 1 Year 
Angionecrotic 20 3 1 
Multicellular 27 12 9 
22 13 10 


Magnocellular 
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Some of these patients are able to live a quite useful life, but we feel 
incapable of judging if anyone has been definitely cured. It not infrequently 
has happened that a patient who has visited us some months or weeks before 
and been found quite well and without symptoms, suddenly has been strick- 
en down with a recurrence and has died within a couple of days. Happily 
the end mostly comes suddenly, the patient being unconscious from the 
start, presumably from a sudden hemorrhage in the tumor as we have found 
in some brains (again one cannot help thinking of Einarson and Neel’s® fac- 
tors extrinsic to the brain changing the milieu of the tumor). In other cases 
the end is long in coming and the patient is an object of pity and a cause of 
despair to his relatives. In judging results it must always be remembered 
that in Fig. 22 all deaths without and from operation have been subtracted 
and that these failures amount to one third of the 102 patients who originally 
sought our help. Still, in many cases valuable living time may be saved for 
the patient and we certainly feel that the surgical treatment of glioblastomas, 
especially of the multi- and magnocellular groups, is worth while. 

THE THREE TYPES OF GLIOBLASTOMA 

When we think of the differences in the three types of glioblastoma as to 
macroscopical and microscopical pathology, as to age of the patients at time 
of admission, as to length of history, cerebral localization and, last but not 
least, as to postoperative survival time, we feel fairly certain that the differ- 
ence between these three types is real and certainly established. Some ob- 
jections, however, immediately present themselves: 

1. The multi- and the magnocellular glioblastomas are not glioblastomas at 
all. On revising our preparations, however, we still feel that we must main- 
tain our diagnosis. Moreover, if this was the case we should have an increase 
in our number of glioblastomas and a decrease in some other glioma group, 
especially perhaps the spongioblastoma polare. This, however, seems not to 
be the case when we compare Cushing’s’ percentages of classified gliomas 
(687) with our own (409 classified gliomas of our first 1000 verified intra- 
cranial tumors) : 


Cushing Copenhagen 
Astrocytomas 37.1% 13.0% 
Glioblastomas 30.3% 25.9% 
Spongioblastoma polare 4.7% t.4% 
Ependymomas 3.6% 10.2% 
Astroblastomas 5.1% 2.5% 


While the materials differ considerably it is not in the way one would 
expect if we had included benignant gliomas in our glioblastoma group. Our 
small percentage of astroblastomas cannot be explained in this way as the 
microscopical picture is quite different, and the localizations of these tumors 
differ from those of the glioblastomas. Furthermore, the number of these 
tumors is too small to affect the issue. 
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2. The three types of glioblastoma are only the same tumor exhibiting differ- 
ent characteristics at different stages of development. In view of the longer his- 
tories in the multi- and magnocellular groups it seems extremely improbable 
that the angionecrotic type could be the final stage of development of these 
types, while the opposite is obviously impossible. 

3. The three types of glioblastoma are only the same tumor exhibiting differ- 
ent characteristics in different localizations of the brain. This seems improbable 
as all types have been met with in most regions of the brain, even if the 
different types largely favor certain localizations. 

4. The three types of glioblastoma are only the same tumor exhibiting differ- 

ent characteristics according to the age and different condition of the “host.” This 
is a possibility that must be borne in mind, but we have no foundation at 
all for this assumption. Still, especially in view of Einarson and Neel’s theory, 
it is a tempting thought and further research, particularly of histological 
character, seems indicated. 
5. The three types of glioblastoma are really three different tumors. In view 
of the many features common to all three types, we feel that the term “‘type”’ 
covers their differences—both pathologically and clinically the pictures are so 
similar that we prefer to speak of an angionecrotic, a multicellular and a mag- 
nocellular type of glioblastoma multiforme. That the differentiation between 
these types, however, has not only a scientific, but also a very practical surgi- 
cal significance is, we feel sure, fairly established. 


SUMMARY 

In a series of glioblastomas significant differences are found in macro- 
scopical and microscopical pathology, in age of patients at time of admission, 
in length of histories, in cerebral localization, and especially in postoperative 
survival time. It is suggested that the group of gliomas named glioblastoma 
multiforme is composed of three types differing in the above-mentioned as- 
pects. The names glioblastoma angionecroticum, gl. multicellulare and gl. 

magnocellulare are proposed for these three different types. 
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CUTANEOUS AREAS DENERVATED BY UPPER THORACIC 
AND STELLATE GANGLIONECTOMIES DETERMINED BY 
THE ELECTRICAL SKIN RESISTANCE METHOD* 


CURT P. RICHTER, Pu.D. 
Psychobiological Laboratory, Phipps Psychiatric Clinic, 
The Johns Hopkins Hospital, Baltimore, Maryland 


(Received for publication October 30, 1946) 


N PREVIOUS studies the electrical skin resistance method was used to 

outline the areas of skin that became denervated by lumbar and thora- 

columbar sympathectomies.®* In the present study this method was used 
to outline the denervated areas in patients with upper thoracic and stellate 
ganglionectomies. 

Observations were made on 31 patients with a total of 51 sympathec- 
tomies. Forty-five of the operations were upper thoracic sympathectomies, 
6 were stellate ganglionectomies. Five different operations for upper thoracic 
sympathectomies were used. Most of the latter were performed in the treat- 
ment of vascular disturbances of the hands, while most of the stellate 
ganglionectomies were performed in the treatment of migraine headaches 
and vascular disturbances of the eyes. 

In the present study an effort was made to determine: (1) the consistency 
with which the various operations denervate (a) the hands, (b) the face; 
(2) the constancy of the areas that become denervated by the sympathec- 
tomies; (3) the ganglion or ganglia that appear to play the most important 
part in the denervation. 


METHODS 


The dermometer and the technique used to outline sympathectomized areas of skin have 
been described in detail in previous papers.*:7"? Areas of skin deprived of sympathetic innerva- 
tion display elevated electrical resistance to a small direct current. With the dermometer 
such areas may be mapped by punctate exploration of the skin. The instrument is used simply 
to show differences in skin resistance levels rather than to obtain actual quantitative measure- 
ments of skin resistance. Since this resistance varies inversely with sweat-gland activity, heat- 
ing the patients for a few minutes in a hot-air cabinet before the examination greatly reduces 
the resistance of normally innervated skin and thus enhances the contrast between normal 
and denervated areas. 

The borders of the areas of high skin resistance are marked on the skin with a black skin 
pencil and Jater copied on charts showing the front, back and side views of the head and body; 
also, photographs are obtained of the same views. 

For this study we used only the records that we obtained during the patient’s stay in the 
hospital (in most instances 12 days after operation). Records obtained over longer postopera- 
tive intervals will be reported in a later study on regeneration. 


* Started under a grant from The John and Mary R. Markle Foundation and under a contract 
recommended by the Committee on Medical Research between the Office of Scientific Research and 
Development and the Johns Hopkins University; and completed under a contract between the Office 
of the Surgeon General of the U. S. Army and The Johns Hopkins University. 
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The usual upper thoracic preganglionic sympathectomy as recommended by Smithwick'! 
for the denervation of the hands was performed on 15 patients with a total of 29 operations. 
In brief, the chain was sectioned below the 3rd ganglion; all the rami from the 2nd and 3rd 
intercostal nerves were cut; and the proximal end of the chain, after being lifted up out of the 
opening, was sewed into a muscle. Approximately 1} inches of the 2nd and 3rd intercostal 
nerves, including, usually, the posterior ganglia, were resected; the dorsal and anterior roots 
were sectioned intradurally in some cases; in others the anterior root was sectioned in its 
intradural portion. None of the sympathetic ganglia were removed. The underlying physiol- 
ogy of this preganglionic operation was worked out by White, Okelberry and Whitelaw.” 

In 8 patients the 2nd and 3rd ganglia were bilaterally removed by the dorsal approach, 
after resection of the 2nd and 3rd ribs. No intercostal nerves were cut. 

In 1 patient, only the 2nd thoracic sympathetic ganglion was removed, as recommended 
by Goetz and Marr’ to denervate the hands. This extirpation was accomplished through the 
dorsal approach after the resection of about 3 inches of the 3rd rib, as well as of a portion of 
the transverse process of the vertebra. Both the anterior root and the sensory root of the 2nd 
nerve were cut, and a small part of the nerve, including the sensory ganglion, was removed. 
The rami to the sympathetic chain above and below the 2nd ganglion were severed and the 
ganglion was removed. 

The first 4 thoracic sympathetic ganglia were removed in 3 patients with a total of 5 opera- 
tions by the transthoracic route first used by Goetz and Marr* and modified by Longmire 
(unpublished). The chain was exposed through an incision made anteriorly in the 2nd or 3rd 
intercostal spaces. The 4 ganglia were removed along with portions of the 2nd and 3rd inter- 
costal nerves, including the dorsal spinal ganglia. 

The Ist, 2nd and 8rd ganglia were removed in 3 patients by the dorsal route in the course 
of an operation for removal of the pulmonary plexus, recommended by Rienhoff and Gay?® in 
the treatment of asthma. After resection of about 4 inches of the 4th or 5th rib the lung was 
collapsed; all connections between the lungs and the vagus nerve were severed and the 3 
sympathetic ganglia were removed. 

The stellate ganglion was removed in 6 patients by the cervical route through an incision 
made in the neck about 2 cm. above the clavicle, according to the technique of Jonnesco.! 

Fourteen surgeons in the Department of Surgery of The Johns Hopkins Hospital performed 
these operations over the course of a 5-year period. 


RESULTS 

Fig. 1 shows the skin areas that were affected by the various upper tho- 
racic sympathectomies. Shading indicates areas of relatively high electrical 
skin resistance, or denervated areas. This figure lists the different operations 
and the number of times each was performed (unilaterally). The total num- 
ber is then broken down to show which skin resistance patterns resulted from 
each operation and how often. 

I. Removal of the Upper 4 Thoracic Ganglia (Transpleural). Out of 5 
operations, 4 denervated the largest area, marked “1,” in Fig. 1. This area 
included the entire arm, half of the head, neck and chest down to a level just 
below the nipple. The remaining operation denervated the small area marked 
“6.” The surgeon apparently did not remove all of the chain in this last 
operation. 

It should be noted here that the removal of these 4 ganglia, and, in fact, 
most of the following operations, elevated resistance on the central parts of 
the face less than it did on the arm, chest and neck. This relative immunity 
of the face to sympathetic denervation is discussed below in the section on 
facial patterns. 
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II. Removal of the 2nd and 3rd Thoracic Ganglia. In 5 out of 6 operations 
the removal of the 2nd and 3rd thoracic ganglia by the dorsal route denerv- 
ated the pattern marked “2” in Fig. 1. This pattern is the same as the one 
that resulted from the removal of the upper 4 thoracic ganglia except that 
it extended only to a level of approximately 1 inch above the nipple. The 






















A NTA S 
LN i Hb fu : 


1 REMOVED 5 4 \ 





SYMPATHECTOMIES 











T2,T3 REMOVEO | ¢ 


on 





PREGANGLIONECTOMY 
T2, 73 (SMITHWICK) 





29 27 2 

















Hi[4i/a/a8[4 
: 
ls 
la 
ow 

















STELLATE REMOVED 6 l 2 \ 2 




















Fig. 1. Chart listing the 6 different operations and the number of times each was performed. It also 
shows the 6 different high skin resistance areas found and the frequency with which each operation 
(unilateral) produced each pattern. 


remaining operation produced the pattern marked “3,” which did not in- 
clude the face and neck. 

IIT. Preganglionic Isolation of the 2nd and 3rd Ganglia. This operation, 
which was performed a total of 29 times, denervated the pattern marked “2” 
with great consistency; namely, in 27 of the 29 operations. In 2 instances 
the pattern marked “‘3,”’ sparing the head and neck, was found (see Fig. 1). 

IV. Removal of the Upper 3 Thoracic Ganglia. The upper 3 thoracic gang- 
lia were removed incidentally to pulmonary plexus extirpation in 3 opera- 
tions with variable results. One of the operations denervated the area marked 
“1”; a second, the area marked “2”; and a third, the area marked “3” (see 
Fig. 1). 

Thus, removal of the upper 3 thoracic ganglia, or of only the 2nd and 
3rd ganglia, or simply preganglionic isolation of the 2nd and 3rd ganglia, all 
denervated essentially the same area of skin. 
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V. Removal of only the Second Ganglion. In 1 patient, only the 2nd gan- 
glion was removed, bilaterally. On both sides, removal of this ganglion de- 
nervated the pattern marked “3,” which included the arm, shoulder, and 
half of the chest from a level of 1 inch above the nipple to the line of the 
clavicle, but it did not denervate the face and neck (see Fig. 1). 

VI. Removal of the Stellate Ganglion. Six stellate ganglionectomies denerv- 
ated 4 different skin areas: the pattern “2” in 1 patient; the pattern “4” in 





FACIAL PATTERNS OF LOW ELECTRICAL SKIN RESISTANCE 
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Fic. 2. The facial areas of relatively low skin resistance (unshaded) in normal (1, 2, 3 and 4) and 


sympathectomized patients (Smithwicks 5, 9, 10; other upper thoracies 6, 7; and stellates 8, 11, 12). 
2 patients; the pattern “5” in 1 patient; and the pattern “6” in 2 patients. 
The lower borders of these 4 different areas clearly followed the outlines of 
the sensory dermatomes (see Fig. 1). 


Facial Areas of Relatively Low Electrical Skin Resistance Remaining 
After Upper Thoracic Sympathectomies 

While mapping the regions of high resistance that resulted from upper 
thoracic sympathectomies, we found that in most individuals the central 
portions of the face had somewhat lower readings than those on the sur- 
rounding areas but not as low as those obtained in normal individuals, while 
in others it was quite as low as is found in normals. Otherwise, these regions 
of intermediately high resistance proved to correspond closely, in shape, size 
and location, to the patterns of low skin resistance found under ordinary 
conditions on the normally innervated face.’ The top row of heads in Fig. 2 
shows several such facial areas of low skin resistance in normal individuals. 
Although under ordinary conditions these facial areas remain quite constant, 





the 
ter 
slee 
bar 
ing 
eve 


wh 
ope 
she 
rac 
ton 
are 
ver 
pos 


def 
che 
are 
atu 
has 


aft 
shc 
inn 
wit 


res 
Mi 
Col 
hig 
ho 
sec 
fai 
the 
is, 


the 


SW 


ih 


per 
ral 
ur- 
ile 
ons 
size 
ary 
y. 2 
als. 
unt, 





GANGLIONECTOMIES EXAMINED BY SKIN RESISTANCE 225 


they undergo marked changes, particularly in relation to external and in- 
ternal temperature and to sleep. Thus, in a cold environment and during 
sleep, these areas constrict until they include scarcely more than a narrow 
band around the mouth (see Fig. 2, “*4’’), while in a hot environment or dur- 
ing excitement they dilate to include the entire face, parts of the neck, or 
even the entire head (see Fig. 2, “3’’). 

lhe facial area of intermediately high or normally low skin resistance, 
which was found most a in patients with the typical Smithwick 
operation, is shown in Fig. 2, “‘5.’’ The following two heads, “6” and “7,” 
show 2 larger facial areas which were found in patients with the upper a. 
racic sympathectomies (removal of T-2 and T-3). The stellate ganglionec- 
tomies produced either no facial areas of low resistance at all or only a small 
area (see “‘8”’), Some patients with upper thoracic sympathectomies showed 
very irregular and often asymmetrical facial patterns, even though sup- 
posedly exactly the same operation had been performed on both sides. 


Axillary Areas of Low Electrical Skin Resistance Remaining After 
Upper Thoracic Sympathectomies 


The axillae in individuals with normally innervated skin show well- 
defined areas of low electrical skin resistance. These axillary areas appear to 
change with relation to external and internal conditions just as the facial 
areas do. They decrease in size in cold temperature, expand i in warm temper- 
ature. Their relation to the distribution of the apocrine glands in the axillae 
has not been established. 

In most instances these areas of low resistance disappeared completely 
after upper thoracic sympathectomy. However, a small number of patients 
showed them quite as clearly as they appear in individuals with a normal 


innervation of this region. Fig. 3 shows the record of one of these patients 
with a Smithwick sympathectomy. 


Relation of the Areas of High Electrical Skin Resistance to Areas 
That Do Not Sweat 


In over one fourth of the patients examined, areas of high electrical skin 
resistance were compared with areas that did not sweat, as determined by the 
Minor starch-iodine test. The sweating test was made immediately after the 
completion of the skin resistance test while the black outlines of the areas of 
high resistance were still present on the skin. The patients were allowed, 
however, to cool off before application of the starch-iodine mixture and sub- 
sequent reheating. The areas that showed a very high resistance (that is, 
failed to move the galvanometer needle at all) corresponded very closely with 
the areas that did not sweat; while the areas with a very low resistance (that 
is, which gave a full deflection of the galvanometer needle) corresponded with 
the areas that showed active sweating. 

Fig. 4 shows the areas of high electrical skin resistance and areas of non- 
sweating as determined by the Minor starch-iodine test in a patient with a 
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unilateral stellate ganglionectomy. The boundaries of the two areas coincided 
almost perfectly throughout. 
Constancy of Areas of High Electrical Skin Resistance 
The areas of high electrical skin resistance were outlined on several days, 
usually within the first 10-15 days postoperatively. In the absence of re- 
generation of the sympathetic nerves, the areas remained constant from day 


AXILLARY PATTERN 








SMITHWICK SYMPATHECTOMY 


Fic. 3. Drawing showing axillary area of intermediately low resistance that remained within boundaries 
of sympathectomized region in a patient after a standard Smithwick sympathectomy. 











Fic. 4. Photographs showing the close correspondence between areas of high electrical skin re- 
sistance (black lines and letter “H’’) and nonsweating areas (Minor starch-iodine test—not black) in a 
patient with a stellate ganglionectomy. 








to 
wl 


po 
hi 


oe 
lov 


ple 


Wi 


ies 


re- 
ina 





GANGLIONECTOMIES EXAMINED BY SKIN RESISTANCE 227 
to day, except occasionally during a prolonged hot spell in the summer, 
when they became smaller. 

As an exception to this general rule, several patients for 3 to 15 days 
postoperatively showed temporary areas of abnormally low rather than very 
high skin resistance. In some of them these areas of decreased skin resistance 


TEMPORARY REVERSAL OF AREAS OF HIGH ELECTRICAL SKIN RESISTANCE 
AFTER SYMPATHECTOMY 
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Fig. 5. Chart showing temporary reversal of areas of high electrical skin resistance observed suc- 
cessively after sympathectomies on the right and left sides. Diagonal lines indicate areas with a very 
low resistance; dark dotted areas indicate the very high electrical skin resistance that characterizes com- 
plete sympathetic paralysis. 


were identical in shape, size and location with the usual areas of increased 
skin resistance that are produced by upper thoracic sympathectomies, and 
which actually were ultimately obtained in the same patients. Fig. 5 shows 
the skin resistance patterns for one of these patients at various intervals 
after a typical Smithwick sympathectomy was performed on Dec. 5, 1942, 
on the right side, and 11 days later on the left side. On December 9th when 
the patient was examined at room temperature the resistance of the skin 
over the area that usually becomes denervated by an upper thoracic sympa- 
thectomy had a resistance which was lower than that of the skin on the rest 
of the body. This type of record indicates hypersympathetic activity. Heat- 
ing the patient in a hot-air cabinet reduced the resistance evenly over the 
entire body. On the following day, December 10th, the patient gave essen- 
tially the same record except for the appearance on the operated side of an 
additional area of abnormally low skin resistance over the lower thoracic 
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region. (The possible significance of this area will be discussed below.) On 
December 11th when examined at room temperature the patient showed a 
high skin resistance over the entire surface of the body. When heated in the 
hot-air cabinet the resistance dropped to a low level on all parts of the body 
except over the right arm, shoulder, and part of the chest (dark black stip- 
pling). On December 12th, the 7th postoperative day, the patient again 
showed no areas of low skin resistance at room temperature. After a few 
minutes in the hot-air cabinet the area of high skin resistance that now re- 
mained was larger and typical of areas that become denervated by upper 
thoracic sympathectomies. For the next few days he continued to show the 
same record. 

On December 16th an upper thoracic sympathectomy was performed on 
the left side. When examined on the following day in the heat cabinet the 
areas of high resistance had patterns typical of bilateral upper thoracic 
sympathectomies. On December 18th the resistance was low on the inner 
surface of the right arm, that is, on the previously operated side. On Decem- 
ber 19th the resistance had dropped to a low level also on both sides of the 
face, on part of the chest, and over the entire surface of the left arm. On 
December 21st, 22nd and 23rd all of the head and neck showed a low re- 
sistance. On December 29th, the 13th postoperative day, the area of high 
resistance included all of the head, neck, chest and both arms and thus 
showed a typical upper thoracic pattern. 

On the days when the resistance dropped to low levels over parts of 
the sympathectomized area, the patient and the ward physician noticed the 
presence of sweat over these parts. 

Many neurosurgeons have noted this phenomenon of temporary sweat- 
ing, which usually occurs from 3-5 days postoperatively, but the phenomenon 
remains unexplained. The clinical history of the patient whose records are 
shown in Fig. 5 may provide an explanation. During most of the postopera- 
tive period when sweating or low skin resistance were present, body temper- 
ature was elevated (99°-102°). Immediately after the Ist operation the pa- 
tient complained of a marked pain in the chest, and after the 2nd operation 
active pneumonia was discovered, which may have been present also after 
the Ist operation. Treatment with sulfadiazine, started 2 days after the 2nd 
operation, caused body temperature to drop to normal again. 

The presence of lung infection or pleurisy may account for the small area 
of low skin resistance that appeared over the thorax on the 5th day after 
the 1st sympathectomy in this patient. Similar isolated areas of low skin 
resistance have previously been found on various parts of the thorax in pa- 
tients with pleurisy and lung infections. 


Relation of the Areas of High Electrical Skin Resistance to Areas of 
Anesthesia in Patients with Resection of 
One or More Intercostal Nerves 


The 2nd and 3rd intercostal nerves were resected in all of the Smithwick 
operations and in a few of the others. In the 7 patients that were examined, 
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well-defined areas of partial or complete anesthesia to pin prick were found. 
Fig. 6 shows a typical record of one of the patients with a Smithwick sympa- 
thectomy. The lower border of dullness (crosses) corresponded closely with 
the lower boundary of the area of high electrical skin resistance (continuous 
line), while the upper border was included within the area of high skin re- 
sistance. 


UPPER THORACIC 
SMITHWICK SYMPATHECTOMY 
SECTION OF 2ND AND 3RD 

INTERCOSTAL NERVES 

















AREAS OF HIGH ELECTRICAL SKIN RESISTANCE 
AND PARTIAL ANAESTHESIA 











Fic. 6. Drawing showing outlines of areas of partial anesthesia (crosses) and lower border of a 
typical denervated area produced by Smithwick sympathectomy (solid black line). 


Several of these patients complained of numbness and discomfort over 
the chest or particularly under the arms. In all instances the areas of dis- 
comfort or pain coincided closely with the areas of partial or complete anes- 
thesia to pin prick. The section of the 2nd and 3rd intercostal nerves must in 
some unaccountable way produce these effects. Blades and Dugan in their 
operations on the chest for war wounds made similar observations.’ They 
found that section of the intercostal nerves produced areas of numbness and 
chronic pain and that these areas showed a very high electrical skin re- 
sistance. 

The areas of high skin resistance did not depend on the resection of the 
intercostal nerves, as is shown by the fact that essentially the same skin 
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resistance patterns were obtained when the 2nd and 3rd ganglia were re- 
moved without resecting the 2nd and 3rd intercostal nerves. 


DISCUSSION 

The observations reported above indicate occasional variations in the 
results of the different types of operations. This is well demonstrated by the 
results of the removal of the upper 3 thoracic ganglia, which in 3 cases pro- 
duced as many patterns. There are also marked inconsistencies when the 
results of one operation are compared with those of another. For example, 
one operation reported as a simple stellate ganglionectomy produced a pat- 
tern of elevated skin resistance typical of that produced by the Smithwick 
operation. The remainder of the stellate ganglionectomies affected only part 
of the arm. In one case, reported removal of the upper 4 thoracic ganglia 
produced a pattern less extensive than that found in other cases following 
removal of the 2nd ganglion alone. These obvious inconsistencies may be ex- 
plained by the anatomical complexities of the sympathetic chain, which 
make precise identification of ganglia difficult, and by inconsistent operative 
procedure. (The identification of he stellate ganglion offers particular diffi- 
culty because it displays great variation in size, shape and location.) This 
being the case, the skin resistance technique becomes a valuable aid to the 
neurosurgeon since it provides a simple, objective check on the effectiveness 
of the operation. 

Because of this variability in operating procedure, little can be said about 
the thoracic dermatomes until a larger series of cases has been studied. Then 
the patterns corresponding to the various ganglionectomies can be deter- 
mined on a statistical basis. Of the 6 operations studied, the Smithwick oper- 
ation is the only one in which a sufficient number of cases has been collected 
to draw any conclusions. It is noteworthy that the lower border of the chest 
pattern found in 27 out of 29 cases corresponds well with the lower border of 
the 3rd thoracic dermatome as determined by other methods. 

The observations show that the several types of upper thoracic sympa- 
thectomies denervate their objectives, the arms and hands, with a high de- 
gree of consistency. Of the 45 upper thoracic operations, only one failed to 
produce elevated skin resistance patterns involving the entire arm and hand. 
Considering the range of operative procedures, these results suggest that 
one or more ganglia removed in common by all the operations is responsible. 
The only ganglion removed in all the operations was the 2nd thoracic. It is 
perhaps significant that, in the patient in whom only the 2nd ganglia were 
removed, the denervated areas included both arms and hands. This is in 
agreement with the reports of Goetz and Marr.’ Also the sparing of the head 
by the removal of the 2nd ganglion alone supports the view held by Foerster’ 
and Goetz and Marr’ that the face does not receive any innervation from the 
2nd thoracic ganglion. 


The present results suggest that upper thoracic sympathectomies do not 


completely denervate the facial region, since in many instances the eyes, 
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nose and mouth showed only partial denervation. Even a stellate ganglion- 
ectomy does not always elevate the resistance in these areas. An explanation 
of these findings is not yet available. Information regarding the nerve supply 
to the so-called “facial area”’ of low electrical skin resistance in individuals 
with normally innervated skin may shed some light on this problem. 

It is noteworthy that in all instances the borders of the sympathecto- 
mized areas closely followed the outlines of the sensory dermatomes on the 
face as well as on the arms and thorax.* 


SUMMARY 

1. Denervated areas of skin were outlined with the electrical skin re- 
sistance method in 25 patients with upper thoracic sympathectomies and in 
6 patients with stellate ganglionectomies. Five different types of upper tho- 
racic sympathectomies were included, involving different approaches and 
the removal of different ganglia. 

2. Almost all types of upper thoracic sympathectomies denervated the 
hands. Only 6 out of the 51 operations failed to fully denervate the hands. 

3. Very few of the upper thoracic sympathectomies or stellate ganglion- 
ectomies fully denervated the face. In most instances the central part of the 
face, which normally showed a low skin resistance, showed only a small in- 
crease in skin resistance or none at all. 

4. The stellate ganglionectomies showed the widest range of variation in 
the areas that they denervated. 

5. The successful denervation of the hand appears to depend largely on 
the removal of the 2nd thoracic ganglion since all operations which denerv- 
ated the hand included this ganglion and since in two instances the removal 
of this ganglion alone fully denervated the hands. 

6. The patterns of high electrical skin resistance remained quite constant 
from day to day, except in a small number of patients, who showed tempo- 
rary patterns of abnormally low rather than high skin resistance patterns 
over denervated areas. The outlines of these hyperactive areas coincided 
exactly with the denervated areas that were found later in the same patients. 
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TIC DOULOUREUX AND ITS RELATIONSHIP TO 
TUMORS OF THE POSTERIOR FOSSA 
ANALYSIS OF TWENTY-FOUR CASES 


ANTONIO GONZALEZ REVILLA, M.D. 
Department of Surgery (Neurosurgery), The Johns Hopkins Hospital, Baltimore, Maryland 


(Received for publication November 20, 1946) 


INCE THE introduction by Dandy! of the cerebellar approach for section 

of the sensory root of the trigeminal nerve, the advantage of this route 

in the disclosure of organic lesions that might account for the production 
of tic douloureux has been pointed out several times.?* Dandy‘ found that 
60 per cent of his patients operated upon by the cerebellar approach showed 
definite abnormalities such as tumors, aneurysms, angiomas, aberrant vessels 
on the nerve, congenital anomalies, and adhesions between the sensory root 
and brain stem. For detailed figures regarding these abnormalities the reader 
is referred to his paper. 

It is the purpose of this communication to analyze only that group of 
vases in which tumors were found incidentally upon sectioning the sensory 
root at the pons for tic douloureux. 

From 1925 to 1945 there were 757 cases diagnosed as tic douloureux at 
the Johns Hopkins Hospital, and in 473 of these, operation was performed 
by the cerebellar approach. In the whole series 58 per cent were females and 
42 per cent were males. The ages ranged from 30 to 70 years. In 24 (5.1 per 
cent), tumor was found in the neighborhood of the 5th nerve. Three types 


of tumors were encountered: neurinomas, epidermoid cysts and meningi- 
omas. 


GROUP IT. NEURINOMAS 

Eleven neurinomas (46 per cent) were found in this series. These pre- 
sumably arose from the 8th nerve. Males and females were about equally 
affected. Eight of the 11 patients were between the ages of 50 and 70. The 
chief complaint on admission in all cases was intermittent, lancinating pain 
in the distribution of one or more branches of the trigeminal nerve. The 3rd 
branch alone was not affected in any case, the Ist branch in 1, the 2nd 
branch was involved in 3, the Ist and 2nd in 1, the 2nd and 8rd in 6, and all 
branches in 1. There was no significant predominance of sides, 6 occurring 
on the right and 5 on the left. The pain was typical of tic douloureux with 
definite trigger zones and was precipitated by swallowing, chewing, washing 
of the face, ete. Ten patients showed associated loss of hearing on the same 
side and in the remaining case there was no impairment: the hearing de- 
ficiency was not found significant in this age group. Loss of hearing preceded 
pain in 8 cases by an average of 7.5 years. In 1 case tic was present 11 years 
before impairment of hearing and in another both the 5th and 8th nerves 
were affected simultaneously. Tinnitus on the affected side was present in 
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only 5 cases and bilateral tinnitus in 1. In 1 case the tinnitus, which had been 
present for 7 years, abruptly disappeared with the onset of pain. Dizziness 
was present in 1 case. Dysphagia occurred only once in this series, this being 
in the one case that did not show any impairment of hearing. There was a 
history of gustatory fits in the affected side in 1 case. In 10 cases the neuro- 
logic examination corroborated the subjective impairment of hearing, this 
being moderate for low tones and quite pronounced for high tones. Vestibular 
tests were performed in 6 of the 10 patients: 5 had loss of vestibular response 
on the same side and 1 on both sides. Mild sensory changes in the affected 
side of the face were found in 4. In 1 case there was bilateral papilledema 
with unilateral deafness but there were no sensory changes. 

The diagnosis of tumor of the cerebellopontine angle was suspected in 
6 cases and accordingly X-rays of the skull were taken. Erosion of the porus 
acusticus was definite in 3. 

The unilateral cerebellar approach as originally described by Dandy! was 
used in each case. The tumor was totally removed in all cases. It was usually 
small, the average weight being 6.28 gm., the largest 15.6 gm. and the 
smallest 0.1 gm. The gross and microscopic appearance of the tumors was 
that of typical neurinoma. All these tumors, with the possible exception of 
one, seemed to arise from the porus acusticus and pressed on the 5th nerve in 

rarying degrees. The 5th nerve was sectioned in all but 2 and in these 2 there 
was complete relief of pain after the operation. There was 1 fatality in the 
series. Death occurred a few hours after the operation, and autopsy revealed 
edema of the medulla and pons with small hemorrhages. The rest of the pa- 
tients showed complete relief of symptoms after operation. 

Comment. Eleven cases of neurinoma producing typical tic douloureux 
have been summarized. The chief complaint on admission in all these cases 
was that of pain in one side of the face. In 10 cases hearing was impaired 
on the same side of the lesion, which in an age group of from 50 to 70 years 
is apt to be minimized. Mild sensory changes were found in 4, and in 1 there 
was bilateral papilledema with unilateral deafness but without sensory 
changes. X-rays of the skull were taken in 6, only 3 showing definite erosion 
of the porus acusticus. Most of these cases could easily have been diagnosed 
as “idiopathic” tic douloureux and the nature of the underlying condition 
could have been missed had it not been for the route of approach selected. 
A vivid example is Case 4, summarized below, in which section of the 5th 
nerve was performed by the subtemporal route in another clinic, with re- 
currence of pain 2 years later. At operation through the cerebellar approach 
a neurinoma was found. It can be safely concluded that all cases of tic dou- 
loureux showing significant impairment of hearing on the same side should be 
considered potentially as neurinomas of the cerebellopontine angle possibly 
arising from the porus acusticus. 

Case 1. #13400. Mr. W. H., a white male aged 67, was admitted July 27, 1927 with the 
chief complaint of pain for 2 years in the right side of the face, starting in the right temple with 
radiation to the lower jaw. The pain was lancinating and intermittent with trigger zones in 
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the cheek, and was precipitated by washing the face, swallowing and chewing. Alcohol injec- 
tions given on 4 occasions relieved his pain temporarily. For 12 years there had been loss of 
hearing on the right. 

Neurologic examination on admission was negative except for moderate diminution of 
hearing on the right. The preoperative diagnosis was tic douloureux. 

Operation: Unilateral cerebellar approach, right, at which a small tumor occupying the 
upper half of the fossa, mainly above the 8th nerve, was found. The 5th nerve was pushed up- 
ward and it was sectioned. Weight of tumor: 5 gm. 

Histologic diagnosis: Neurinoma. 


Case 3. #U-33213. Mrs. C.S., a white female aged 50, was admitted Sept. 22, 1930 with the 
chief complaint of pain in the left side of the face, intermittent, lancinating in character, and 
of 2 years’ duration. Pain was localized to the cheek and upper gum on the left. In addition 
there had been gradual diminution of hearing on the left with constant tinnitus, described as 
roaring, for 10 years. 

Neurologic examination showed bilateral papilledema of 2-3 diopters. There was total left 
deafness with diminished caloric response on this same side. Deep reflexes were hyperactive 
bilaterally. X-ray of the skull was negative. 

Operation: Unilateral cerebellar approach, left. A small deep-seated tumor was found at 
the angle, apparently arising from the 8th nerve, extending medially beneath the brain stem. 
The tumor was completely enucleated and the sensory root of the 5th sectioned. Weight of 
tumor not reported. 

Histologic diagnosis: Neurinoma. 


Case 4. #U-44319. Mr. J. A., a white male aged 60, was admitted July 11, 1932 with the 
chief complaint of tic douloureux on the right, affecting the 3 branches equally with trigger 
zones in the Ist, for 18 years. Six years previously section of the 5th nerve on the right by the 
subtemporal approach had been done elsewhere with relief of symptoms for 2 years, after 
which pain recurred affecting only the 1st branch on the same side. He also complained of an 
intermittent bad taste on the right side of the tongue. Twenty years previous to admission he 
had punctured his right ear drum in attempting to remove a piece of coal, and following this 
there was progressive deafness on the right. 

Neurologic examination show hypalgesia and hypaesthesia in the 3 branches of the right 
5th, obviously from previous operative procedure, complete right deafness, hyperactive deep 
reflexes on the left, and no response to caloric vestibular stimulation on either side, X-ray of 
the skull was negative. Preoperative diagnosis: recurrent tic douloureux. 

Operation: Unilateral cerebellar approach, right. A hard tumor was found at the angle, 
apparently arising from the 8th nerve, and was completely enucleated. Weight: 15.6 gm. 

Histologic diagnosis: Neurinoma. 


GROUP II. EPIDERMOID CYSTS (CHOLESTEATOMAS 
OR PEARLY BODY TUMORS) 

Nine (38 per cent) such tumors were found in our series of 24. Males and 
females were equally affected. Their ages were between 30 and 60. The chief 
complaint on admission was that of intermittent, fleeting, lancinating pain 
in one side of the face, the left side being predominantly affected, only 1 case 
occurring in the right. Not a single branch was affected selectively; all 3 
branches were involved in 7, and the 2nd and 3rd in 2. In 1 case the pain 
alternated at times from one branch to the other. Remissions of attacks were 
rare, occurring in only 3 cases and varying from 3 to 7 years. The average 
time since onset of symptoms was 8 years, the longest 23 years and the 
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shortest 6 weeks. There was no impairment of hearing in any instance. One 
case gave a history of intermittent clonic contraction of the affected side of 
the face. There were no headaches. The neurologic examination was negative 
in practically every case except for slight facial weakness in 1, horizontal 
nystagmus with diminished caloric vestibular response in another, and loss 
of taste on the anterior two thirds of the tongue in another. X-rays of the 
skull were taken in 2 cases in which the diagnosis of a tumor at the angle 
was suspected, but these were reported as normal. 

The unilateral cerebellar approach was performed in all cases. The tumors 
presented readily at the angle and all of them but 2 were described as large 
growths extending from the tentorium in front to the foramen magnum be- 
hind and beneath the brain stem medially. The 5th nerve ran through the 
tumor in all cases and there was involvement of the 7th, 8th, 9th and 10th in 
all but 2. All were typical pearly body tumors and in their extirpation the 
contents were aspirated by suction, only the capsule being saved for histo- 
logic sections, so that a fair estimate of the weight of these tumors is not 
available. A complete removal was obtained in every case and section of the 
sensory branch of the 5th nerve performed in all. There were no mortalities. 
Every patient was completely relieved after the operation. 

Comment. In contradistinction to Group I there was no impairment of 
hearing in any of these cases. The left side was almost selectively affected 
and the pain involved the 3 branches of the 5th nerve in every case except 1. 
The correct diagnosis was suspected in 2 but no changes were demonstrated 
by X-rays. The true nature of the lesion could have been completely missed 
had the cerebellar approach not been used. This stresses even more strongly 
the importance of this route in cases of tic douloureux, as emphasized so 
often by Dr. Dandy. 

Case 14. #U-29928. Mr. J. A., a colored male aged 35, was admitted Mar. 8, 1930 with the 
chief complaint of paroxysmal attacks of sharp shooting pain in the left side of the face for 4 
years. The pain affected all 3 branches but chiefly the 2nd and 3rd. Rubbing the face would 
precipitate an attack. Recently the attacks had been more frequent, 10 to 12 a day. 

Neurologic examination was negative. Hearing and vestibular function were normal with 
no sensory changes over the face. Preoperative diagnosis: tic douloureux. 

Operation: Unilateral cerebellar approach, left. A typical pearly body tumor was found at 
the angle. It pushed the 5th nerve downward, bending it markedly, and did not project below 
the 8th. The 5th nerve ran directly into the tumor. The sensory branch was divided. The tu- 
mor extended medially tothe midbrain, going beneath it for some distance. The contents were 
suctioned away and the capsule weighed 2} gm. 

Histologic diagnosis: Epidermoid cyst. 


Case 18. #122347. Mrs. M.S., a white female aged 51, was admitted on Oct. 20, 1937 with 
the chief complaint of paroxysmal lancinating pain in the right side of the face for 8 years. 
The pain was intermittent and typical of tic douloureux. The 3rd branch was primarily affect- 
ed but later also the 2nd. In addition to these attacks of pain there was intermittent clonic 
contraction of the right side of the face, occurring independently of the pain and lasting for a 
few seconds. 

Neurologic examination showed twitching of the right side of the face with closure of the 
eyelids in clonic contractions, right facial weakness and a trigger zone in the cheek. There 
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was no loss of hearing except for diminution of the threshold for high tones bilaterally. Vestib- 
ular response was absent on the right. X-rays were not taken. 

Operation: Unilateral cerebellar approach, right, disclosing a large pearly body tumor at 
the angle. The 5th nerve ran directly through it. It extended medially beneath the brain stem. 
The 8th nerve ran directly across the tumor. The tumor was removed piecemeal and part of it 
was suctioned away. Weight of the part saved was 6.9 gm. 

Histologic diagnosis: Epidermoid cyst. 


GROUP II. MENINGIOMAS 

In this group there were 4 cases (16 per cent of the series). They were 
equally divided between males and females, the ages ranging between 47 and 
71 years. There was no predominance as to the side affected. The average 
duration of symptoms was 5.5 years, the shortest being 9 months and the 
longest 8 years. Symptomatology was characterized by typical intermittent 
episodes of pain of lancinating character localized in one side of the face and 
involving the 2nd and 3rd branches in 2 cases and all branches in the re- 
maining 2. As in cases of tic douloureux, pain was precipitated by washing 
the face, chewing, swallowing and talking, with definite trigger zones. There 
was bilateral loss of hearing in 1 case with impairment of vestibular function 
on the side of the lesion. Hearing was not impaired in the remaining cases 
nor was there involvement of any other cranial nerve. History of headache 
was elicited in 1. 

The usual unilateral cerebellar approach was used in each case and small 
encapsulated tumors were found pushing the sensory root posteriorly, in all 
probabilities arising from the tentorium. The tumor was totally enucle- 
ated in 2 cases, partially in 1 and was not extirpated in the other. Specimens 
were lost in 2 cases but their gross appearance and attachment suggested a 
meningioma. The other 2 were typical fibroblastic meningiomas. Weight of 
the tumors was not recorded. The sensory root of the 5th nerve was totally 
divided in all cases. One patient in whom the tumor was partially removed 
died 3 days postoperatively. During the operative procedure it was necessary 
to cauterize the posterior inferior cerebellar artery and the patient never re- 
gained consciousness. At autopsy tumor was seen projecting from the pos- 
terior aspect of the body of the sphenoid bone, extending to the left along 
the posterior surface of the petrous bone posteriorly, and laterally to the 
right of the clivus. The base of the tumor was attached to the dura, where 
there was a thick layer of newly formed bone. There was softening of the left 
half of the medulla and pons. The remaining 3 patients had complete relief 
of symptoms after operation. 

Comment. Four cases of meningioma at the cerebellopontine angle pro- 
ducing tic douloureux have been summarized. The primary symptom was 
that of intermittent attacks of lancinating pain in one side of the face. There 

jas impairment of hearing in 1, the other 3 showing no evidence of other 
cranial nerve involvement. The preoperative diagnosis in all was that of tic 
douloureux as there was nothing in the clinical history of the patients to 
suggest a tumor of the posterior fossa. 
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Case 22. #U-42554. Mr. N. B., a white male aged 67, was admitted April 1, 1932 with the 
chief complaint of periodic paroxysmal pain in the right side of the face of 2 years’ duration. 
The pain involved chiefly the areas of distribution of the 2nd and 3rd, less frequently the Ist. 
It was precipitated by talking, laughing, or rubbing his face. 

Neurologic examination was essentially normal. Preoperative diagnosis: tic douloureux. 

Operation: Unilateral cerebellar approach, left. A small tumor was disclosed filling the 
angle between the tentorium and the 8th nerve and attached to the dura. The 5th nerve was 
pushed posteriorly and made almost a semi-circle at its entrance to the pons. The sensory root 
was divided. The tumor was totally extirpated. Weight not stated. 

Histologic diagnosis: Fibroblastic meningioma. 


DISCUSSION 

From the preceding analysis of cases it may be clearly seen that the re- 
lationship between tic douloureux and tumors of the posterior fossa is more 
than casual and for one reason or another the 5th nerve has been selectively 
affected. In the neurinomas, the diagnosis could have been suspected if the 
hearing changes had been properly evaluated, but they were taken lightly 
due to the frequency of disturbances in hearing in otherwise normal elderly 
individuals. In the epidermoid cysts, however, there was nothing to suggest 
a tumor with the possible exception of 1 case, and one wonders why the 5th 
nerve alone gave irritative symptoms with sparing of the 7th, 8th, 9th and 
10th, which were found to be similarly involved at operation. Had these 
patients been operated upon by the subtemporal approach, the underlying 
pathology would have been missed, as did happen in 1 of the cases. This as- 
pect alone, therefore, would recommend the cerebellar approach over any 
other procedure. But the question then arises as to how many tumors of the 
Gasserian ganglion would be missed if the posterior route were exclusively 
employed. These tumors are relatively rare in comparison to tumors of the 
posterior fossa and in contradistinction they give unmistakable neurologic 
signs of their presence. Apprehension has been postulated by others regard- 
ing the use of the posterior approach due to technical difficulties, but in 
skilled hands there is nothing to fear. The change from the prone to the 
lateral position in the unilateral approach as suggested recently by Mount® 
and used by Otenasek® has made this a relatively easy and rapid procedure. 
There are, furthermore, other advantages of this approach as enumerated 
by Dandy which are not within the scope of this paper, but from the evidence 
presented it can be clearly seen that many pathological lesions involving the 
sensory root which would otherwise be missed will be disclosed by this ap- 
proach. 

SUMMARY 


1. A total of 24 tumors of the posterior fossa producing tic douloureux 
have been reported, 46 per cent of which were neurinomas, 38 per cent epi- 
dermoid cysts, and 16 per cent meningiomas. 

2. Each group of tumors has been analyzed. 

3. All of these tumors would have been missed if the subtemporal route 
had been employed. 
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4. The merit of the cerebellar approach as originated by Dandy for sec- 


tion of the sensory root of the 5th nerve has been reemphasized. 
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MODERN CONSIDERATIONS OF THE MAN 
WITH BRAIN INJURY 


CAPTAIN JOHN A. AITA, M.C., A.U.S.* 
(Received for publication January 20, 1947) 


HE RECENT WAR has brought us numbers of young, healthy men with 

severe alteration of intracranial structures. For the first time in history, 

neurosurgical skill and control of infection have allowed them to live. 
These young men will be with us for many years, and their problems of dis- 
tress, disability and pension will be encountered repeatedly by the general 
practitioner and the specialist. 

As we saw numbers of these men filling our wards, day after day, for 
many months during the war, we were constantly impressed with what the 
human organism can endure. Our optimism has been shared by others ex- 
perienced with the problems of brain damage. '°.17.18.19.29.52,38,58,44,57.58 "Phese 
combat-wounded patients rapidly demonstrated the resiliency with which 
many individuals can withstand such changes. 

SYMPTOMATOLOGY 

In a practical manner, the chief continued complaints of these men may 
be described as follows: 

1. Motor disability, such as ataxia, plegia and paresis. 

2. Sensory disturbance, such as hemianopsia, astereognosis; suppression, 

fluctuation and extinction.?10.1% 

3. Loss of intellectual assets, including use of language and symbols. 

4. Convulsive disorder. 

5. Headache, dizziness. 

6. Emotional disturbance or instability, including tension, anxiety, fear, 
irritability, temper display, and depression (occasionally euphoria). 

7. Disturbance in capacity for interpersonal relationships; loss of socia- 
bility (‘sociability becomes a strain’’), dislike for crowds, increasing 
shyness, feeling of inferiority, loss of self-confidence, undue sensi- 
tivity, suspiciousness. 


THE PROBLEMS OF RECOVERY 


Consider the plight of the man who must experience not only the knowl- 
edge that his brain has been injured, but also scars about the face and head, 
paretic limbs and an occasional convulsion. Another struggles with a loss of 
some intellectual components, a disturbed vegetative nervous system and 
confusing sensory alterations. The individual who has such disabilities may 
be variably equipped to readjust, compensate and make the most of what 
he has left. 





* Released from service. Now at 607 Medical Arts Building, Omaha 2, Nebraska, 
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These men ultimately return to consider life where they left it. Attempts 
to assume old responsibilities may prove painfully unsuccessful. Many are 
beset by bewildering and fluctuating part-deficits with some sensory, motor 
and intellectual remnants outstandingly intact. 

The passive individual fears to venture forth. The aggressive will try more 
than he can master. Others also may expect much of him because some ap- 
parently intact facilities make him appear unchanged. If urged, he is usually 
willing to try doggedly but he soon becomes aware of limitations, especially 
after discharge from the hospital. He will strive to simplify his life to what 
he can manage. 

The experience of this distress and deficit adds to emotional-vegetative 
turmoil which reverberates with production of multiple distress and mood 
disturbance.”” Even persistent aphasia may be dramatically benefitted 
when anxiety is eliminated by the use of intravenous sodium amytal.” 


CONCEPTS OF REHABILITATION 


The continued management of these men will depend upon the responsi- 
bility taken by psychologically oriented physicians and surgeons. It will call 
for an appreciation of the host (the total personality involved) who is striv- 
ing to adjust with his own intracranial alterations. Each patient will have 
to be surveyed biologically and understood as a complex individual who is 
peculiarly integrated neurophysiologically and incomprehensible if we re- 
strict ourselves to only a few methods of examining him. Cobb'’ reminded 
us that, ‘‘In understanding such clinical phenomena one must start with the 
fact that no two human brains are alike. Lesions destroying exactly the same 
areas in two different brains would not cause exactly similar symptoms. This 
is because the life experience of each person has conditioned and changed 
the brain so that it is unique.” The uniqueness of this brain can be ascer- 
tained to some extent by a working knowledge of the individual involved. 
We have learned previously that rehabilitation of these men in the hospital 
‘annot proceed without such knowledge.’ 

Surgery cannot restore atrophic or scarred portions of the brain. Yet 
scars that result in convulsive phenomena, that contribute to the production 
of headaches or that somehow alter cerebral function to cause other con- 
tinued disabilities, will warrant consideration of neurosurgical meas- 
ures.**47.48 Medication will be prescribed for convulsive seizures. The 
pharmacological approach may assist also in the control of other symptoms 
such as headache.'! Continued physiotherapy, occupational therapy, devel- 
opment of new skills and a reorganization of sensory fields®!°"-° may be 
necessary. The hemiplegic can be taught agility and how to fall without 
hurting himself. Some physical limitations can be overcome slowly, others 
accepted and new compensations developed. Great possibilities and resources 
he within the host himself, and it is his biological make-wp and resiliency that 
remain as potent factors with which to work. 
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THERAPEUTIC PUSH 

Our experience does not permit us to agree with those who imply that 
once brain damage has been determined, the patient must be restricted from 
all strain and live a small, circumscribed, simple life.** This may be advisable 
with older alcoholics and arteriosclerotics from which civilian statistics of 
‘post-traumatic psychosis” are admittedly often taken.“** Such restriction 
leads only to stagnation, apathy and psychoneurotic adjustments to a handi- 
cap. If these are the only adjustments the individual can make, they must be 
accepted. But with careful evaluation, physically and psychologically, the 
patient’s deficits and his adjustments thereto can be ascertained and under- 
stood. Therapeutic push can then proceed in a graduated fashion, applied 
and released, depending upon the responses of the whole organism. 

The dangers of excessive optimism and therapeutic push are known.”!*" 
The man with brain injury who is pushed too rapidly, or asked to do more 
than he is able, breaks down in painful disappointment and regression. He 
must be spared these damaging experiences. He must not be led to believe 
that he will be “‘as good a man as before”’ if he is not going to be. He must not 
be led to plan for college when he will be incapable of managing the intellec- 
tual and social rigors of higher education. Intellectual losses should be care- 
fully assessed by noting performances on psychological batteries’ and in- 
tegration of these observations in the total clinical picture. Their significance 
in the life of the patient must be ascertained. Occasionally deficits may be 
great—sufficient to require establishment of a guardianship or custodial care. 

That rehabilitation of men with craniocerebral injuries reflects op- 
timism is indicated in the many opinions published during the recent 
war. ?:15:21,26,28,36,42,52 We are relinquishing old theories of restricting activity, 
‘atering to passive-dependent needs, encouraging invalidism and further up- 
setting already disturbed vegetative reactions.*:™ 

As we have seen more of these patients, and have become acquainted 
with the patient who has the brain injury, we have dared to venture further. 

Without therapeutic push under skilled supervision, we shall never fully 
appreciate what assets each patient can muster. Our experiences have sur- 
prised us frequently. With good rapport, knowledge of the patient and his 
tolerances, and the control of extraneous and experiential factors, each 
patient will continue to adjust and improve for a long time. Only the patients 
with most severe intracranial damage and the personalities who have reacted 
poorly to trauma are the ones who will be seen repeatedly by physicians. 
Follow-up of 100 combat veterans with known, penetrating brain damage 
revealed 9 of them symptom-free and 60 formally employed or attending 
school.‘ 


FUNCTIONAL AND ORGANIC ASPECTS 
The lessons learned in studies and treatment of minor head injuries, or 


“concussion,” apply here. Consideration for the total living organism who 
has suffered craniocerebral injury is stressed by experienced observers.*’ 
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Denny-Brown” emphasized that one should regard disability in many cases 
“as a particular mode of reaction to head injury without specific identifica- 
tion of either organic or functional basis.’ He stated further that, ““The 
greatest emphasis must be placed on the frequent combination of structural 
damage and psychoneurosis. It is impossible to keep these two pigeon holes 
entirely separate.” This worker cited also an experience common to every- 
one who has seen many cases of craniocerebral injury, that ventricular dilata- 
tion, although it means damage and loss of cerebral substance, by no means 
settles the nature of all of the patient’s disabilities. It is found in cases with- 
out persistent disability and may be seen in those whose difficulties are 
amenable to psychotherapy. Symonds* also warned that physiogenic and 
psychogenic factors in a given case are closely intertwined and to separate 
them is unnatural. 

Ingham* likewise agreed that both psychoneurotic reactions and organic 
symptoms frequently manifest themselves at the same time. There is no 
royal road to evaluation of the symptoms resulting from craniocerebral in- 
jury. Neither the psychogenic nor the organic picture should dominate in 
the mind of the examining physician. Rather, efforts should be made to give 
each its proper place in the total picture. Despair was expressed that dis- 
turbances in psychic function that follow head injury are so varied, com- 
plex and difficult to evaluate. Yet I am certain that no one can expect other- 
wise when he recalls how varied and complex the human personality is and 
how symptoms that follow craniocerebral injury resound from the personal- 
ity involved. 

Symonds: has repeatedly stressed that the “‘pretraumatic constitution” 
and the “situations arising out of the injury” are of vital prognostic signifi- 
‘ance. The setting in which injury occurred (chronic dissatisfaction, despair, 
resentment; catastrophe, bloodshed) is as important to consider as the struc- 
tural cerebral alterations. This has been well demonstrated and described by 
Denny-Brown* and Simons and Wolff. 

Convalescence is frequently complicated by indecision about return to 
work, anxiety over compensation (or litigation) and fear that the head may 
be injured again. It is often believed that any type of exertion may be 
deleterious to recovery. Those with more severe injury will be apprehensive 
about what to tell a prospective employer. Burdens of outmoded medical 
misconceptions and folklore concerning head injury are often borne by 
patients and their relatives. Some are impressed by this injury as a narrow 
escape, the first of a lifetime; anxiety mounts as they strive never to take 
another chance. Feelings of guilt may be prominent among those who were 
(or believed themselves) responsible for the injury of others in the same 

vatastrophe. 

The reaction to imposed hospitalization and convalescence is individual. 
To one, hospitalization presents refuge which will be relinquished with re- 
luctance. To another, it is a form of restriction, giving rise to constant frus- 
trations. Inactivity, “too much time to think,” fear of falling behind and 
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removal from family and employment are necessary experiences at these 
times. 

In all military cases the experiences of having been in the armed forces 
and in combat must not be forgotten. After review of data on patients doing 
poorly after discharge,‘ those with severe personality changes and those with 
nervous symptoms, one must ask: Are all of these difficulties simply due to 
intracranial alterations and experience of brain injury? What percentage of 
those men with combat experiences and severe wounds elsewhere than the 
head have the same or similar personality reactions? 

The clinical problem presented to the physician, then, is not produced by 
trauma alone. Personality and individual neurophysiological functioning re- 
sound to intracranial alterations. Only with knowledge of the integration 
of these factors can problems of distress, deficit and disability be compre- 
hended. One must inquire: Does this lesion (demonstrated by neurological 
findings, surgical notes, EEG tracings or pneumoencephalograms) explain 
all of this patient’s symptoms? Despite this lesion, and even if surgery 
is necessary, how can the host be assisted to readjust to these problems? 

Interest then should be concerned primarily with treatment of a trauma- 
tized organism rather than labels of functional or organic. Once emergency 
surgical needs are settled, review of the pre-injury personality, setting of the 
injury and problems of convalescence should be accomplished, but not in 
the spirit of eliciting liabilities only (so that a “diagnosis” can be made). 
There are assets, too, which must be sought, for these provide the framework 
of therapy and reconstruction. 


POST HOC REASONING: OVER-SIMPLIFICATION 


In few places in the practice of medicine does post hoc reasoning appear 
so frequently as it does in problems of craniocerebral injury. Once ventricular 
dilatation or abnormality in the EEG tracing is found, the temptation arises 
to impute every symptom to this. We must refer again to the instances in 
which no symptoms may be found (among unselected patients in particular) 
despite the presence of these findings. 

There is a great tendency to over-simplify these problems. They are 
sufficiently difficult to evaluate in the cases of minor closed head injury or 
“concussion,” but when we find a man who has proven brain injury, we con- 
sole ourselves at once with this as a simple problem because brain injury is 
known. Therefore, all symptoms are due to it and concepts of treatment im- 
mediately become restricted to surgical removal of scar, physiotherapy, 
medication such as phenobarbital and little else. The future of these men 
will be tragic indeed if management is oriented only to the scar, the hemi- 
plegia, or the EEG tracing. 


IATROGENIC FACTORS 


The physician himself presents many experiences to the patient which 
may mean the difference between improvement and continued dis- 
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tress.”!:34,40.6 Patients under observation for serious conditions are most sus- 
ceptible to the words and actions of attending physicians. Yet the pessimist 
who displays to the patient uncertainty regarding the ultimate outcome 
seldom realizes how severe and lasting a fear he implants in the patient’s 
mind and how disabling and difficult to treat these consequences will be. 
Often the sole reason for severe anxiety reaction lies in a casual conversation 
which implied that there was another patient who suffered a similar injury 
“and never got over it.” Successful convalescence from head injury is 
managed only by a thoughtfulness and awareness of all psychological dangers 
besetting patients. For example, all patients with recoverable disability are 
segregated early from those with severe disturbances. Relatives and lawyers 
are skillfully managed. 

The physician with the vacillating, anxious or over-cautious attitude, 
who warns too much against exertion, may start a disabling vicious cycle of 
emotional-vegetative turmoil. The awkward formulation of psychoneurotic 
components may do likewise when it serves to stir up antagonism only and is 
not immediately followed by correct psychotherapeutic management for 
relief. The “hard-boiled” or punitive attitude, the “nothing can be done” 
formulation, hasty explanations, slips of the tongue, evanescent misgivings, 
thinking aloud in front of the patient, neglect of formulations to relatives, 
use of technical language, reference to EEG tracings and x-ray pictures, and 
the encouragement of invalidism are to be avoided. It is the physician’s re- 
sponsibility to insist that concepts of brain injury or a “‘plate in the head” 
lose their outmoded, misconceived symbolism. Mental hygiene becomes as 
respected as the surgeon’s sterile technic. 

The modern spirit of rehabilitation recognizes physician-induced traumas 
(iatrogenesis). In follow-up we found patients were impressed frequently 
with the feelings of hopelessness expressed by doctors who cared for them. 
This appeared to stem from a diagnosis of known brain injury. The knowl- 
edge that intracranial foreign bodies or scars and EEG disturbances existed 
appeared to render many doctors impotent. Yet there remains much to be 
done with the host to build up psychological resistance and to immunize 
against apathy, stagnation and inefficient modes of adjustment. These men 
must be shown their own resources in recovery. Likewise they must learn of 
their own limitations and liabilities and how these may be offset by motiva- 
tion, industriousness, re-education, and experience of increasing success. 
Each must come to recognize certain symptoms as an expression of his own 
anxieties rather than permanent organic brain alteration. Each must be 
brought gradually to face his own task of re-adaptation. 


COMPENSATION 
Follow-up study indicated that every patient was intensely concerned 
about veteran’s disability compensation. Such monetary compensation 
serves as a double-edged weapon. On the one hand it provides the bare es- 


sentials of living plus encouragement of and opportunity for healthy 
socialization, hobbies, education and vocation. On the other hand, it may 
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become the issue of primary concern, leading to wrangling, fear and hostility 
rather than encouragement or opportunity. Morale, continued efforts at 
rehabilitation and return to work may be affected by harsh slashing of disa- 
bility rating. This aspect should be given adequate consideration. It seems 
inadvisable, without due reflection on repercussive effects, to reduce disa- 
bility compensation by even 25 per cent when a veteran with brain injury 
has sincerely worked himself back “50 per cent.’’ Economic hardships will 
overwhelm these men (as they will any group of handicapped men) and such 
strain can be anticipated to cause an increase in number and intensity of 
symptoms from this entire group. 


SPECIAL SYMPTOMATOLOGY 

Motor and Sensory Disturbances. These disturbances, due to intracranial 
damage, require long-term, enthusiastic physiotherapy, remedial exercise, 
and occupational therapy. Perhaps we “re-educate”’ some neurones, or take 
over others that make good substitutes. Muscles can be trained to take the 
place of those that no longer function. Agility as well as confidence can be 
restored. Hemiplegic patients delight in learning how to fall (or tumble) with- 
out hurting themselves. Permanent handicaps (such as hemianopsia or 
paralysis) must be accepted, adjusted to and healthy compensations de- 
veloped. 

Management requires industriousness, enthusiasm, motivation and ap- 
preciation of accomplishment by the patient. Inter-professional cooperation 
and integration of efforts of the physician, vocational counsellor, instructor, 
physiotherapist, occupational therapist and others are of prime importance. 
To merely assign a patient to various professional groups who must assist 
him in routine, isolated and often conflicting or repetitious fashion, proves 
confusing and detrimental. 

Headaches. Concerning a common symptom of this group, headaches, 
one may ask, why are these a major complaint (during hospitalization) in 
only about one-tenth of patients with gunshot and shell fragment injuries,’ 
yet almost universal in patients with minor closed head injuries? There may 
be several explanations: 1) Denny-Brown™ and Walker’® indicated that the 
physiological disturbances involved in the usual closed head injury (‘‘con- 
cussion’’) are different from those in many of the patients wounded by 
penetrating missiles. 2) The onset of some headaches may be delayed and 
appear after discharge from the hospital with return to old responsibilities.” 
3) The man with a demonstrable wound (or readily acknowledged handicap 
therefrom) is exonerated from feelings of guilt or pressure to return to duty 
or prior responsibilities. Those with more brain injury have more consequent 
limitations physically and mentally. They must adjust with definite handi- 
caps and are under less strain with a socially acknowledged and ‘‘under- 
stood” deficit than is a man with only a partial handicap.*® 4) Selection is a 
most important factor. All patients with penetrating craniocerebral injury 
incurred in military service were evacuated and arrived at neurological- 
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neurosurgical centers. All patients with minor closed head injury were not 
evacuated. Many returned to duty and remained there. Only those with con- 
tinued complaints were evacuated. Patients who endured minor head injury 
well and recovered were seldom seen again.*! In a sample of 4,822 men be- 
tween ages 17 to 50 years, examined in an induction center, 13 per cent were 
found to have sustained at least one head injury during their lives.’ This 
totaled 634 men, of whom 17 per cent were classified as having suffered 
severe head injuries (unconsciousness more than an hour to several days or 
weeks, with frequent positive neurological signs persisting). Of this group 
with severe head injuries, only 29 per cent continued to have well-developed 
symptoms. One might ask, what happened to the other 71 per cent? It is this 
latter group we seldom see. 

Headaches and dizziness arise from a complex, traumatized organism. 
Initial study rules out intracranial infection, aneurism, bleeding and hy- 
groma as well as injury of the cervical spine. When these are not present, one 
is left with causes which are multiple and vary from case to case. At present, 
we are likely to consider the external traction of a scar on the vessels or 
nerves in the head;“:**° structural or physiological alteration of blood ves- 
sels walls, or of autonomic (medullary, hypothalamic or cortical neuronal) 
“centers” such as vasomotor, vestibular and other “‘centers.’’®:12:14:18,20,27,42,62,78 
The soft tissues of the head and neck also remain sensitive for a long period. 
Some alteration causing irritability and spasm of muscles, muscle attach- 
ments or the galea may be at fault.’°*7 It is important to note that recent 
study indicates that extracranial structures are more important in produc- 
tion of these post-traumatic symptoms than are intracranial structures.” 

Regardless of what physiological functions are fundamentally disturbed, 
these are already subject to an accummulation of experiences, associations 
and conditionings contained in the neurophysiological integration of the 
individual concerned. These functions are sensitive to this patient’s way of 
experiencing the shock of injury, his convalescence and his present distress 
and deficits.!*?!:?2.°6-6! Post-traumatic head symptoms are very sensitive to 
conditions that arouse and maintain emotional reactions. 

A program of graduated exercise and physical hardening is beneficial.” 
Various analgesics and pharmacological approaches! may be tried but some 
(such as prostigmine) which have been initially reported with spectacular 
results® have been found wanting in our experience. Physiotherapy to the 
soft tissues of the head and neck may be valuable. Novocaine injections of 
the scalp, its musculature, and about various blood vessels have been advised 
for post-traumatic headaches.*7:!:” 

Various air insufflations and, at times, removal of cortical scars have been 
attempted for such relief.“**°°° The value of time-consuming procedures 
which require hospitalization and remove the patient from adjustment at 
home and at occupation must be weighed against the uncertain value of 
hastily planned surgery. 

In any therapy we must reckon with the potent influence of the patient’s 
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own faith, confidence, and suggestibility on the one hand and the doctor’s 
conviction and authoritative reassurance on the other hand. All therapy is 
laden with multiple behavioral influences so that at times alleviation of 
distress can be effected with any kind of treatment. 

Subarachnoid puncture or pneumoencephalography are contraindicated 
without sufficient consideration of why they are necessary, what one expects 
to find, (“rule in or rule out’’) and how this knowledge will alter management 
of the case at hand. It is often forgotten that these procedures contribute to 
longstanding disability in some personalities, necessitate hospitalization and 
invalidism, convince the patient of the doctor’s misgivings, and stress the 
limited, structural side of the many considerations at hand. Too often these 
procedures are advised with alacrity or as routinely as a blood count. Where 
history and examination already indicate likely cerebral atrophy, little is 
gained by performing pneumoencephalography merely to prove it, unless 
litigation necessitates this. Unfortunately even a normal pneumoencephalo- 
graphic configuration of intracranial structures provides insufficient evidence 
on which to state that no structural changes are present or that the problem 
is entirely “functional.” These tests are not even part-substitutes for 
thorough history-taking and examination.* 

Seizures. The ultimate incidence of seizures following penetrating head 
injuries is not known. The literature calculates several extremes’:!.?*™ from 
10 per cent to 35 per cent. These great variations are due to several factors, 
especially the customary problems physicians have when they deal with 
statistical methods. There is surely a factor of selection operating in these 
conflicting reports. There is often unclear definition of cases selected and 
admixtures of various types with injury from several causes. 

For the present, in our brief follow-up,‘ we are not impressed with fre- 
quent convulsions as a continued complaint in a large percentage of men 
with penetrating brain damage. Statistics that prognosticate great frequency 
of seizures in men with brain injury will be regarded with a wary eye for 
reasons cited. These reports may include anyone who has had at least one 
seizure since the day he was wounded; it is known, however, that seizures in 
the early recovery stage may not recur.*:?!*! It is assumed too readily by 
physician and patient alike that statistics refer to frequent and continued 
seizures. 

The treatment of post-traumatic convulsions will be oriented to medica- 
tion, surgery, and practical, common sense adjustment to a handicap. For 
the most part, medications will consist of phenobarbital, dilantin, and some 
of the newer drugs.*® In selected cases surgical removal of scars will be 
deemed necessary.‘’:4*: A sensible adjustment to an occasional episodic 
loss of consciousness must be encouraged constantly. The patient will have to 
respect dangers involved in driving vehicles, working near dangerous ma- 
chinery or being on high places where he might fall. Otherwise he must lead 
as normal a life as possible. Medieval notions of “epilepsy”’ must be sup- 
planted by healthy modern concepts of adjustment. 
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We still believe it is well to advise these patients not to partake of 
alcoholic beverages. Their use encourages not only the frequency of seizures 
but continued dependence upon alcohol as a crutch for neurotic adjustment. 
Interdiction is not done with lurid threats but is presented in a simple ex- 
planation of the physiology of recovery from brain injury. 

Intellectual Loss. If intellectual loss has been severe the plight of these 
men is that described by Goldstein,®® and Ebaugh and Brosin.” There is a 
generalized retardation in initiating all activity. Memory for recent events 
is often impaired. If placed under strain, the memory defect may augment 
the picture of disorganization. If pushed too hard, a panic state or “catas- 
trophic reaction” occurs. Mental associations are more limited in number 
and quality. Complex situations can no longer be analyzed with facility. 
When under pressure, the individual reacts with apprehension and dread. 
The choice of alternatives of action is often poor. They cannot anticipate, 
organize or plan. Defective memory and planning blunt long range goals or 
ideals. There is diminution of appreciation of social values and comprehen- 
sion of abstractions. 

Psychological tests* of more specific intellectual components revealed loss 
of ability to analyze and synthesize. These patients were unable to change 
their method of attack on problems or to shift attitudes or concepts. Memory 
defects were manifest for recent or new situations. They lacked anticipation, 
organization and planning ability. They were unable to deal comprehensively 
with variables, more than one aspect of a problem or dual relationships. It was 
difficult for them to handle new problems, especially those not depending on 
old information and habits. Attention and concentration were impaired and 
especially shattered by anxiety. Their thinking often showed evidences of 
helpless repetitiousness, stereotypy or even perseveration. Trying doggedly, 
they often recognized some inadequacy but were helpless to change their 
attack. 

Patient, family, employer and physician alike may be unaware of intel- 
lectual deficits in these men because retention of other assets permits cover- 
up or substitution. These men with intellectual losses frequently retain 
previously accumulated factual data, the common information of every-day 
adult life, vocabulary and verbal abilities, old memories, habits and concepts 
previously learned and the ability to handle readily meaningful or concrete 
concepts. They can often manage the problems immediately at hand, espe- 
cially if the latter can be dealt with unreflectively. They frequently use trial 
and error methods successfully and undetected by those untrained to recog- 
nize this. In addition to demonstrating these intellectual retentions and ad- 
justments, performances reveal dogged perseverance and_ perfectionism, 
strict adherence to directions and retention of social amenities—all of which 
may be very disarming. 

Management of intellectual deficits will require, first of all, a detailed 
study of what assets and deficits were present before injury, and what remain 
now; then an efficient use of remaining assets, insight, relearning, substitu- 
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tion of abilities and avoidance of those intellectual tasks (in employment 
especially) that strain the individual. Re-educational goals should be practi- 
‘al, rarely academic and fitted to the patient and his likely vocational 
choices. 

Wmotional Instability. Symptoms of tension, anxiety, irritability, bad 
temper and mood upheaval are inseparably interwoven in the reaction to 
disability following craniocerebral injury. Situational problems, excessive 
responsibilities and unawareness of limitations contribute to these reactions. 
Loss of sociability, shyness, inferiority feelings, undue sensitivity and 
suspiciousness likewise constitute modes of adjustment requiring psycho- 
therapeutic care. Their intensity must be considered because such reactions 
may grow to psychotic proportions occasionally. 

Men struggling to readjust with brain injury are easily susceptible to 
neurotic reactions in adjustment.”:*4°° Both emotional shock and intra- 
cranial alteration can motivate regression to less mature integration and less 
efficient action patterns. Following brain injury one may observe a release 
of latent adjustment mechanisms which previously could not or need not 
have been expressed. Intracranial alteration may change functions of the 
brain itself in such a manner as to provoke neurotic attitudes, or facilitate 
these reactions of the total personality. 

Psychosis. Follow-up’ has revealed severe personality changes in some 
‘ases. In several, a tentative diagnosis of psychosis can be made and in- 
stitutionalization considered. The occasional occurrence of such severe dis- 
turbances must not breed pessimism. Our reminiscences will always bring to 
mind the exceptional or colorful case. 

Most of the statistics available on “post-traumatic psychosis” are from 
civilian populations, well contaminated with pre-existing psychopathy, 
alcoholism or cerebral arteriosclerosis.“:*:°* Yet, despite the great number 
of head injuries occurring in automobile, industrial or home accidents, the 
percentage of institutionalized “post-traumatic” psychotics is less than 1 
per cent.?!:™-6 Besides the injury itself, then, there is the personality who 
reacted badly to the trauma and to subsequent distress and deficits. 

Chronic post-traumatic mental disorders are variously classified. Most 
of them must be reduced to a descriptive concept of personality disorder “due 
to trauma,” with or without intellectual deterioration, focal defects or con- 
vulsive seizures. In some patients the descriptive personality label will be 
schizophrenic, in others paranoid or manic-depressive. Personality disorders 
following brain injury will be as varied as the capabilities of human per- 
sonalities to react in a disturbed fashion. The few who react in socially un- 
acceptable ways will be institutionalized quickly and thus called to our 
attention .§:71:%-4,60 

Severe personality changes and psychotic reactions following brain in- 
jury result from the following: 

1. Extensive brain damage which, by massive alteration of intracranial 
structures, disorganizes the personality of those few who survive. Marked 
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paralysis, aphasia, seizures and loss of intellectual assets are usually out- 
standing rather than any colorful “psychosis.” 

2. A personality so constituted by heredity, life-long accumulation of 
experiences, associations, conditionings and the present environment that it 
reacts in a poorly adaptive manner (immaturely, inefficiently or “‘regres- 
sively’’) to the experience of trauma, convalescence, distress and deficits. 
This is often referred to as “predisposing constitution.’”®:17:21-44,57,60,68,69 

Those with severe intellectual deficit, marked instability or psychotic 
upheavals must be protected by guardianship or institutional care. Physician 
and family alike must be aware of ill-advised spending, financial ventures, 
socially embarrassing behavior, self-neglect or harm, impulsive major deci- 
sions and the advantages unscrupulous individuals may take of these 
disabled men. 

SUMMARY 

‘The continued management of the man with brain injury requires heé thy 
optimism and enthusiasm balanced by an acute sensitivity to each man’s 
distress and deficits and what these mean to him. Each patient must be 
surveyed biologic: ally and understood as a complex, individual, peculiarly 
integrated organism, incomprehensible if we restrict ourselves to only a few 
methods of examining him. 

In rehabilitation great possibilities and resources lie within the host him- 
self, for it is his biological make-up and resiliency that remain as potent 
factors with which to work. 

Without therapeutic push under supervision we shall never fully ap- 
preciate what assets each patient can muster. With good rapport, knowledge 
of the patient and his tolerances and the control of extraneous or experiential 
factors that hinder these tolerances, each patient will continue to improve 
for a long time. 

lhe constant presence, inseparability and interaction of organic and 
functional aspects must be appreciated and worked with. Time is ill-spent 
in impossible attempts to label each patient as functional or organic. The 
neurophysiological integration of each individual differs and resounds to the 
intracranial alterations in its own peculiar manner. Only when the individual 
who has the brain injury is known can the problems of distress, deficit and 
disability be comprehended. 

It is dangerous to oversimplify these problems merely because organic 
findings are present. A ventricular dilatation or abnormality in the EEG 
tracing do not account for every symptom. The future of these men will be 
tragic if management is oriented only to the cerebral scar, the EEG tracing, 
the aphasia or the hemiplegia. 

The physician himself may present experiences to the patient w hic h have 
long disabling repercussions. Vacillation, overcaution, slips of the tongue, 
pessimism, failure in formulations to the patient or relatives, reference to 
EEG tracings and x-rays and the constant encouragement of invalidism are 
avoidable. Emphasis is put on the cheerful spirit of rehabilitation and in- 
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dicating to each patient his own responsibilities and resources in convales- 
cence. 

Headaches, dizziness, paralysis, sensory losses, convulsions, intellectual 
deficits, emotional instability and psychotic reactions may continue in the 
traumatized organism. Regardless of what physiological functions are funda- 
mentally disturbed, these have already been peculiarly altered by the life- 
long and concurrent accumulation of experiences, associations and condi- 
tionings contained in the individual organism. 

Physician and patient alike must recognize that the brain, like other 
vital systems, provides a margin of safety whereby alteration of some por- 
tions may effect little functioning deficiency. It is unwarranted to assume 
that brain damage must equal disability, gram for gram or per cent for per 
cent. 

REFERENCES 
1. Arra, J. A. The evaluation and management of recurrent headaches. Minn. Med., 1946, 29: 568 
574, 
2. Arra, J.A. Men with brain damage. (In press Amer. J. Psychiat.) 
3. Arra, J. A. Neurologic and psychiatric observations on the late effects of brain injury by shell frag- 
ments and gunshot. (In press Arch. Neurol. Psychiat., Chicago) 
4. Arra, J. A. Follow-up study of men discharged from the Army because of craniocerebral injury. 
(In preparation) 
5. Anperson, C. Chronic head cases. Lancet, 1942, 2: 1-4. 
6. Armitaae, S. G., and Rerran, R. M.A critical evaluation of certain psychological measures, in- 
cluding a proposed screening test for determination and evaluation of brain injury. (In preparation) 
7. Ascrort, P. B. Traumatic epilepsy after gunshot wounds of the head. Brit. med. J., 1941, 1: 739 

744. 

8. Baumog., S., and Marks, M. I. Evaluation of vertigo following head injuries. Arch. Otolaryng., 

Chicago, 1941, 33: 204-215. 

9. Benner, M. B. Polyopia and monocular diplopia of cerebral origin. Arch. Neurol. Psychiat., Chi- 

cago, 1945, 54: 323-338. 

10. Benper, M. B. Changes in sensory adaptation time and after-sensation with lesions of parietal 

lobe. Arch. Neurol. Psychiat., Chicago, 1946, 55: 299-319. 

11. Benper, M. B., and Teuser, H. L. Phenomena of fluctuation, extinction and completion in visual 

perception. Arch. Neurol. Psychiat., Chicago, 1946, 55: 627-658. 

12. Beyer, W. The tonephin test of post-concussional symptoms. [Abstract] Bull. War Med., 1944, 

4: 329. 

13. Borrere ty, FE. H., and Witson, K. E. The active management (non-operative) of cranio-cerebral 
injuries. (The disposition of 180 Canadians and a follow-up of 132 patients returned to active service 

in the Canadian Army [overseas]). Canad. med. Ass. J., 1944, 51: 498-509. 


14. Brown, M.G. The postconcussion syndrome. N. Y. St. J. Med., 1941, 41: 1065-1073. 
15. Carns, H. Head injuries in war, with especial reference to gunshot wounds including a report 


on the late results in some of Harvey Cushing’s cases of 1917. War Med., 1942, 2: 772-785. 
CampBeELL, D. G., and Parsons, C. M. Referred head pain and its concomitants. Report of pre- 
liminary experimental investigation with implications for the post-traumatic “head” syndrome. 
J. nerv. ment. Dis., 1944, 99: 544-551. 
17. Coss, S. Personality as affected by lesions of the brain. In: Personality and the behavior disorders. 
A handbook based on experimental and clinical research. J. M. Hunt, Ed. New York: The Ronald 
Press Co., 1944, 1: 550-581. 
18. Courvitie, C. B. The structural basis for the common traumatic cerebral syndromes. Bull. Los 
Angeles neurol. Soc., 1944, 9: 17-27. 

. Davis, G. B.A case of severe head injury, operation, and complete recovery. Med. Pr., 1941, 206: 
38-39. 

20. Denny-Brown, D. Delayed collapse after head injury. Lancet, 1941, 1: 371-375. 

21. Denny-Brown, D. The sequelae of war head injuries. New Engl. J. Med., 1942, 227: 771-779; 813 


rs 


- 
= 





RT 





cw wc © 2 0 
‘ “~ 


we 
~ 


36. 


37. 


38. 
39. 


40. 
41. 


ew 


o- 


— a ee A Os ee ee ee sees ie et 


— AF 


nn ee eee Le le ee | 


—_—_—— 


al 
he 
a- 
li- 
er 


ne 
er 


ite) 


rag- 
ury. 
, in- 
ion) 
739 
yng. 
Chi- 
ietal 
risual 
1944, 
ebral 
rvice 
‘eport 


f pre- 
rome. 


orders. 


tonald 
ll. Los 


1, 206: 


); 813 





2 0 
wo we 


we wc © 
aS oe 


4 


ge 
a“ 


36. 


37. 


38. 
39. 


= 


40. 
41. 


. FrrepMan, A. P., and Brenner, C. 


29. Giippon, W. O. 


. Gouipstetn, K. 


33. Hess, D. O. 


2. McKenzir, K. G. 
. Matong, J. Y. 


. Moore, B. E., and Ruescu J. 


9. PenrreLp, W., and McNauaurton, F. 
. PENFIELD, W., and Norcross, N. C. 

. PENFIELD, W., and Suaver, M. 
. Penntnaton, L. A., and BerKovirtz, N. 
53. Penninaton, L. A., and Meartn, R. J. 


54. Putnam, T. J. 


CONSIDERATIONS OF THE MAN WITH BRAIN INJURY 253 


821. Also in: Rehabilitation of the war injured. A symposium. W. B. Doherty and D. D. Runes, Ed. 
New York: Philosophical Library, 1943, 684 pp. (see pp. 9-50). 


. Denny-Brown, D.  Post-concussion syndrome—a critique. Ann. int. Med., 1943, 19: 427-432. 
. Denny-Brown, D. 


Disability arising from closed head injury. J. Amer. med. Ass., 1945, 127: 429- 
436. 


. Denny-Brown, D. Cerebral concussion. Physiol. Rev., 1945, 25: 296-325. 
. Esauau, F. G., and Brostn, H. W. 
. Fauconer, M. A. 


Traumatic psychoses. Ann. int. Med., 1943, 18: 666-696. 
The management of closed head injuries. N. Z. med. J., 1944, 43: 274-281; 1945, 
4h: 15-22. 


Post-traumatic and histamine headache. Arch. Neurol. Psy- 
chiat., Chicago, 1944, 52: 126-130. 


28. Furtow, L.T. The management of acute head injuries. Surg. Clin. N. Amer., Dec. 1943, 23: 1627— 


1635. 
Gunshot wounds of the head. (A review of the after-effects in 500 Canadian pen- 
sioners from the great war, 1914-1918). Canad. med. Ass. J., 1943, 49: 373-977. 


Aftereffects of brain injuries in war. Their evaluation and treatment. The applica- 
tion of psychologic methods in the clinic. New York: Grune & Stratton, 1942, 244 pp. 


. GuTTMANN, E.  Posteontusional headache. Lancet, 1948, 1: 10-12. 
. Hawkes, C.D. 


Prognosis in prolonged unconsciousness following head injury. Amer. J. Surg., 1943, 
n.s., 62: 336-347. 


Man’s frontal lobes. A critical review. Arch. Neurol. Psychiat., Chicago, 1945, 54: 10 
24, 


4. Hitz, D. Head injury and war neurosis. Med. Pr., 1941, 205: 140-143. 
5. INcuam, S. D. 


Head injuries in relation to psychoneurotic symptoms and personality changes. 
Bull. Los Angeles neurol. Soc., 1944, 9: 61-64. 


JEFFERSON, G, [et al.| Discussion on rehabilitation after injuries to the central nervous system. 
Proc. roy. Soc. Med., 1941, 35: 295-308. 
Jongs, O. W., Jn., and Brown, H. A. 
Dis., 1944, 99: 668-671. 

Karnosu, L. J. Traumatic neuroses and psychoses. West. J. Surg., 1941, 49: 606-614. 

Kozon, H. L., and Lennox, W.G. Effect on epileptic seizures of certain experimental drugs. (To be 
published, Amer. J. Psychiat.) 
Lewey, F.H. Mental first aid in head injuries. Penn. med. J., 1943, 46: 689-691. 

Linn, L., and Stern, M.H. Sodium amytal in treatment of aphasia. Preliminary report. Bull. U.S. 
Army med. Dept., 1946, 5: 705-708. 


The treatment of post-traumatic head pain. J. Nerv. ment. 


One aspect of the posttraumatic syndrome in craniocerebral injuries. Surg. 
Gynec. Obstet., 1943, 77 : 631-633. 


Head injuries. A new treatment for postconcussional headaches and dizziness; pre- 
liminary report. J. Amer. med. Ass., 1942, 119: 861-864. 


Prolonged disturbances of consciousness following head injury. 
New Engl. J. Med., 1944, 2.30: 445-452. 


5. Paumer, H. A. The mental sequelae of head injury. J. ment. Sci., 1941, 87: 370-382. 
. PENFIELD, W. 


Chronic meningeal (post-traumatic) headache and its specific treatment by lumbar 
air insufflation; encephalography. Surg. Gynec. Obstet., 1927, 45: 747-759. 


. Penrietp, W. Epilepsy and surgical therapy. Arch. Neurol. Psychiat., Chicago, 1936, 36: 449-484. 
. Penrretp, W., and Humpureys, S. 


Epileptogenic lesions of the brain. A histologic study. Arch. 
Neurol. Psychiat., Chicago, 1940, 4.3: 240-259. 


Dural headache and innervation of the dura mater. Arch. 
Neurol. Psychiat., Chicago, 1940, 44: 43-75. 
y gy 


Subdural traction and posttraumatic headache. Study of pa- 
thology and therapeusis. Arch. Neurol. Psychiat., Chicago, 1936, 36: 75-94. 

The incidence of traumatic epilepsy and headache after head in- 
jury in civil practice. Res. Publ. Ass. nerv. ment. Dis., 1945, 24 : 620-634. 

Behavioral effects of cerebral injury in relation to changes 
in motivation. J. comp. Psychol., 1941, 31: 243-254. 

Frequency of craniocerebral injuries in relation to military 
screening examinations. War Med., 1943, 4: 465-470. 

Convulsive seizures. How to deal with them. A manual for patients, their families 
and friends. Philadephia: J. B. Lippincott Co., 1948, xvi, 168 pp. 








62, 


63. 
64. 
65. 
66. 
67. 


68. 





JOHN A. AITA 


. Rewer, N. Phenomena of sensory suppression. Arch. Neurol. Psychiat., Chicago, 1946, 55: 583-590. 
3. Ross, W. D., and McNauaurton, F. L. Head injury. A study of patients with chronic post-trauma- 


tic complaints. Arch. Neurol. Psychiat., Chicago, 1944, 52: 255-269. 


. Roruscuitp, D. The réle of the premorbid personality in arteriosclerotic psychoses. Amer. J. 


Psychiat., 1944, 100: 501-505. 


. Rowsotuam, G. F. Complications and sequels of injuries to the head. Med. Pr., 1941, 205: 379-384. 
. Scuitper, P. Neuroses following head and brain injuries. In: Injuries of the skuil, brain and spinal 


cord. Neuro-psychiatric, surgical, and medico-legal aspects. S. Brock, Ed. Baltimore: Williams & Wil- 
kins Co., 1943, 2nd ed., x, 616 pp. (see pp. 263-293). 


. Suaprro, L. B.  Schizophrenic-like psychosis following head injuries. Elgin State Hosp. Papers, 1941, 


,: 153-158. 

Simons, D. J., and Woier, H.G. Studies on headache: mechanisms of chronic post-traumatic head- 
ache. Psychosom. Med., 1946, 8: 227-242. 

Siris, J. H. Postconcussion syndrome. Pathogenesis and prophylaxis. Nav. med. Bull., Wash., 1944, 
42: 13857-1365. 

STEINBERG, D. L. Psychotic reaction following trauma. Elgin State Hosp Papers, 1941, 4: 159-165. 
Sturm, A. Ergebnis einer Umfrage bei Hirnverletzten des Weltkrieges 1914-1918. Med. Klin., 1944, 
40: 213-217. 

Symonps, C.P. Closed head injuries. J. roy. Army med. Cps., 1941, 76: 320-329. 

Symonps, C. P. Prognosis in closed head injuries. Brit. med. Bull., 1945, 3: 14-18. 

Symonps, C. P., [et al.]|| Discussion on differential diagnosis and treatment of post-contusional 
states. Proc. roy. Soc. Med., 1942, 35: 601-614. 

Tuompson, G. N., and McGinnis, J. E. Psychiatric syndromes due to head injury. Observations 
on 174 cases from the Los Angeles County Psychopathic Hospital. Bull. Los Angeles neurol. Soc., 
1944, 9: 65-71. 


. Vrner, H. L., and Swire, H. Sequelae in posttraumatic psychoses. Psychiat. Quart., 1941, 15: 343- 


350. 


. Watker, A. E. The syndrome of cerebral concussion. Clinics, Aug. 1945, 4: 361-395. 
. Watker, A. E. Problems in posttraumatic epilepsy. (To be published, Amer. J. Psychiat.) 
. Warts, J. W., Witey, W. B., and Grou, R.H. The relation of contusion of the scalp to post-trau- 


matic headache and dizziness. Res. Publ. Ass. nerv. ment. Dis., 1945, 24: 562-577. 


. Wotrr, H.G. Mechanisms of headache. Arch. Neurol. Psychiat., Chicago, 1943, 50: 224-232. 








lor 
tic 
be 


pr 
pr 
sti 
mi 
mi 


SW 
ed 
no 
ch 
ar 
pa 
pr 
sp 
by 
th 


rec 
ede 
ace 


sel 
not 
sw 
(T 
Ri 


aut 


TI 
1 


90). 
na- 


84. 
nol 


Vil- 


O44, 


165. 


944, 


onal 


Lions 
Soc., 


343- 


trau- 








CEREBRAL SWELLING 


HISTOPATHOLOGY, CLASSIFICATION AND CLINICAL 
SIGNIFICANCE OF BRAIN EDEMA* 


I. MARK SCHEINKER, M.D. 


Laboratory of Neuropathology, Cincinnati General Hospital, and the 
University of Cincinnati, College of Medicine, Cincinnati, Ohio 


(Received for publication January 20, 1947) 


HE APPALLING frequency of cerebral swelling in neurosurgical practice 

dealing with brain injuries, cerebral neoplasms or brain abscesses gives 

special significance to the study of this condition. Neurosurgeons have 
long realized that swelling often is the greatest obstacle to the exact localiza- 
tion of brain tumors. The operability of a cerebral neoplasm cannot always 
be determined with certainty from its histopathologic structure alone. The 
presence of swelling may at times be of greater significance for postoperative 
prognosis than is the structural character of the tumor itself. Clear under- 
standing of the histopathology and physiology of brain swelling is of para- 
mount importance, for postoperative prognosis frequently depends upon it 
more than upon any other single factor. 

The paucity of histopathologic studies concerning the problem of cerebral 
swelling is surprising. Moreover, the terms cerebral swelling and cerebral 
edema are used by both clinicians and pathologists with quite different con- 
notations. There is great diversity of opinion as to what histologic changes 
characterize cerebral swelling, and any attempt to group such descriptions as 
are available results in apparent confusion. Until relatively stable histo- 
pathologic definitions are established, this confusion will persist. This 
presentation is based on a study of 125 cases of cerebral swelling caused by 
space-consuming lesions (brain tumor and brain abscess), cerebral injury and 
by circulatory disturbances such as massive intracerebral hemorrhage or 
thrombosis of larger blood vessels. 


HISTORY 


The term cerebral edema is one of long usage. Local edema of the brain has long been 
recognized as occurring in the vicinity of cerebral neoplasms and abscesses. Diffuse cerebral 
edema, on the other hand, has been reported in such diverse conditions as cerebral vascular 
accidents, uremia, severe intoxications and in status epilepticus. 

Reichardt'® (1905) was the first to introduce the concept of cerebral swelling (“Hirn- 
schwellung’’) as a specific reaction of nerve tissue. He defined it as an increase in brain volume, 
not due to hyperemia or to excess of free fluid. According to Reichardt, the brain is considered 
swollen when the difference between brain volume and skull capacity is less than 8 per cent. 
(The normal correlation between brain volume and skull capacity was first established by 
Rieger in 1885.) 

The relation between brain tumor and cerebral swelling and edema has been the subject 

* The findings and conclusions incorporated in this paper will be elaborated in chapter I of the 
author’s forthcoming book, Neurosurgical Pathology, scheduled for publication in 1947 by Charles C 
Thomas, Springfield, I]. 


255 








256 I. MARK SCHEINKER 


of many papers, most of which are in German (Stengel,”* Spatz,?’ Fiinfgeld,® Jaburek,® and 
Scheinker) 2°! Spatz came to the conclusion that true swelling of the brain is of common 
occurrence in cases of cerebral neoplasm, and is the direct cause of increased intracranial 
pressure. He also expressed the opinion that a distinction should be drawn between cerebral 
swelling and cerebral edema. It must be noted that in English and American literature the 
concept of cerebral swelling, as distinct from cerebral edema, does not exist; in fact, cerebral 
edema is the only term in common use. In French articles the two terms appear to have been 
employed indiscriminately, and Le Beau! was of the opinion that it was not possible to make 
a distinction between them. His conclusions, however, were based entirely upon a gross study 
of the brain. 

Until recently, cerebral swelling was considered as a pathologic reaction of the brain with- 
out any evident histologic changes. 

In a series of cases of cerebral swelling the only abnormal finding noted by Wohlwill 
(1914) was the presence of Alzheimer’s ameboid glial cells. Spatz,?’ too, was unable to find 
any definite histologic alterations characteristic of brain swelling. Only in some of his cases 
did he observe swelling of the processes of the astrocytes in the white matter and signs of 
clasmatodendrosis. In a clinical review of the subject Pette™ stated that, to date, investiga- 
tions into the problem of the histopathology of cerebral swelling have proved unsuccessful. 

The first attempt to outline the characteristic histopathologic features of brain swelling 
was made in 1938 (Scheinker”®:*"), In subsequent papers®? the author repeatedly emphasized 
that, despite the histologic difference between cerebral swelling and cerebral edema, the two 
conditions are actually two stages of the same biologic process. Both pathologie conditions 
include morphologic signs of vascular alterations with increase in permeability of the vessel 
walls. It was concluded that circulatory disturbances are essential to the pathogenesis of both 
cerebral swelling and edema. 

In cases of cerebral edema associated with brain tumors, Greenfield’ described degenera- 
tion of myelin sheaths and varicosities of axis-cylinders, swelling of astrocytes and slight pro- 
liferation of microglia. Perret and Kernohan” came to the conclusion that increased intra- 
cranial pressure is the direct result of edema which, in cases of brain tumor, may either remain 
local or be generalized throughout the whole brain. He accepted the view that edema is caused 
by circulatory disturbances resulting in hypoxia and acidosis of the brain tissue. 

Histologic study has been supplemented by relatively few physicochemical and experi- 
mental investigations. The relationship between the wet and dry weight of the brain tissue was 
studied by Alexander and Looney!. They concluded that edema is confined almost entirely to 
the white matter of the brain. The gray matter of edematous brain disclosed the normal 
ratio between wet and dry weight. 

Very significant contributions to improved understanding of both the histopathology and 
the physiology of cerebral edema are the experimental studies by White, Brooks, Goldthwait 
and Adams* and the recently reported study made by Prados, Strowger and Feindel.!” 


DEFINITION AND TERMINOLOGY 


A thorough study of a large number of cases seems necessary to bring 
order out of the chaotic diversity of opinions and findings relating to the 
pathology and pathogenesis of cerebral swelling and edema. After many 
years of systematic investigation of the problem, the author reached the 
following conclusions: 

“Cerebral swelling” is the term with which the author proposes to denote 
the gross appearance of a brain characterized by a local or diffuse increase 
in bulk of one or both hemispheres, regardless of the underlying histopathologic 
findings. 

The gross findings of “cerebral swelling’? are characterized by: (1) in- 
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crease in brain volume; (2) flattening of the gyri and narrowing or oblitera- 
tion of the sulci; (3) considerable enlargement of the central and subcortical 
white matter with consequent narrowing and compression of the cortical 
gray; (4) loss of demarcation between white and 
decrease in size or complete ob- 
literation of one or both lateral ven- 
tricles; and (6) shift of the midline 
structures and of the third ventricle 
from the side of the cerebral swell- 
ing toward the opposite hemisphere 
when the swelling is unilateral 
(Fig. 1). 

It is the author’s belief that the 
condition referred to grossly as 
“cerebral swelling” is represented 
microscopically by three underlying 
histopathologic syndromes which 
the author proposes to designate as 
(1) tumefaction, (2) edema, and 
(3) liquefaction. 

Despite discrepancies in the his- 
topathologic features of the syn- 
dromes of cerebral tumefaction, 
edema and liquefaction, it is quite 
evident that fundamentally they 
represent three different stages of 
the same biologic process; occasion- 
ally these stages may merge insen- 
sibly with one another. 


gray matter; (5) 
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Fic. 1. Swelling of left hemisphere produced by 


sphere, enlargement of the white matter, and com- 


from representative "ases. pression and displacement of both lateral ventricles. 


I. Cerebral Tumefaction 

Microscopic findings characteristic of cerebral tumefaction may easily be 
overlooked in routine sections stained with hematoxylin and eosin. They are 
best noted with careful study of silver impregnations, such as Bodian or 
Bielschowsky stains. 

Pertinent histologic findings characteristic of cerebral tumefaction may 
be summarized thus: (1) parenchymatous changes with evidence of swelling 
of the nerve fibers, myelin sheaths, glia and particularly of the oligodendrog- 
lia; (2) vascular alterations confined to the small veins and capillaries, char- 
acterized by (a) congestion and stasis, and (b) swelling and degeneration of 
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the endothelial cells. These changes are predominant in the white matter; 
seldom do they extend into the gray substance. 

Preparations stained with hematoxylin and eosin fail, as a rule, to reveal 
any abnormalities other than a slight degree of tissue rarefaction and con- 
gestion, and stasis of the small veins and capillaries with occasional peri- 
vascular hemorrhages. Careful analysis of sections impregnated with silver 
(Bodian stain), however, discloses a tremendous swelling of most of the 
nerve fibers of the white matter (Fig. 2). More advanced changes are in- 





Fia. 2. Cerebral tumefaction. Tremendous swelling of the nerve fibers of the white matter. 
Bodian silver impregnation; 260. 


dicated by irregular, ragged outlines of some of the larger axis-cylinders and 
by the formation of numerous varicosities and end-bulbs. The most obvious 
swelling of the nerve fibers is noted in sections taken from the central white 
matter. In most sections from the subcortical white matter the degree of 
nerve fiber swelling gradually recedes in the vicinity of the cortex; the “u” 
fibers are spared, for the most part, and of normal appearance. 

Changes in the myelin sheaths were studied in sections stained by the 
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Loyez and Spielmeyer methods. Less obvious than those in the axis-cylinders, 
they consist of diffuse, irregular swelling and beading of the large majority of 
myelin sheaths. Occasionally, within some of the myelin sheaths, there are 
fusiform enlargements and end-globules, together with black-staining, 
granular masses. In sections taken from the centrum semiovale there is 
diffuse pallor of the tissue, with many sheaths unstained and widely sepa- 
rated from each other. 

In preparations stained with cresyl violet there is occasional swelling or 





Fig. 3. Cerebral tumefaction. Pronounced swelling of the nuclei of the capillary endothelium. 
Cresyl violet stain; 220. 


loss of stainability of some of the nerve cells. Any stage of ischemic degenera- 
tion, beginning with swelling and chromatolysis and ending with shrinkage, 
homogenization or complete loss of stainability and formation of “ghost 
cells” may be present. 

Changes of the glia are less conspicuous. There is, however, a moderate 
degree of swelling of most of the oligodendroglia cells. Some of the cells have 
a large oval, swollen nucleus and rounded cytoplasm harboring numerous 
fine granules. The astrocytes appear to be little affected. There are no signs 
of microglial proliferation. 

The distended capillaries and small veins show signs of congestion and 
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stasis. Many of the small vessels are surrounded by small accumulations of 
extravasated red blood cells. 

Striking are the hypertrophic and hyperplastic changes of the capillary 
endothelium (Fig. 3). The nuclei of the endothelial cells are markedly swol- 
len and the surrounding cell protoplasm occasionally contains a few vacuoles. 
Many of the capillaries are conspicuous for the increased cellularity of their 
walls. Actual infiltration with hematogenous cells, however, is not present. 
Definite signs of degenerative alterations of the capillary endothelium are 
seldom seen. 

II. Cerebral Edema 

Whereas parenchymal changes in the early stage of cerebral tumefaction 
may be easily overlooked unless analyzed with special staining methods for 
nerve fibers and myelin sheaths, the more advanced changes of cerebral 
edema are quite conspicuous in preparations stained with the routine hema- 
toxylin eosin stain. 

Histologic differentiation between the two conditions is relatively simple. 





Fic. 4. Cerebral edema. Spongy appearance of the nervous parenchyma caused by distention of 
perivascular and pericellular spaces and by numerous round or oval spaces filled with serous fluid. Loyez 
myelin sheath stain; X280. 
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Essential criteria for the histopathology of cerebral edema are specified as 
follows (Scheinker”): (a) alveolar or sieve-like appearance of the nervous 
tissue; (b) maximal distention of the perivascular and pericellular spaces; 
(c) signs of venous congestion and stasis; and (d) evidence of degeneration 
and necrosis of the endothelium of the capillaries. 

There is little doubt that cerebral edema is to be considered as an ad- 
vanced stage of cerebral tumefaction. The histopathologic process charac- 
terizing cerebral tumefaction apparently is the result of an intracellular 
hydration with consequent swelling of the individual cells and fibers. This 
process of physicochemical hydration is histologically apparent only when 
it has attained a certain degree of intensity (which may explain the absence 
of structural findings, as reported by many workers). The initial stage of 
intracellular hydration, however, is soon followed by extracellular fluid ac- 
cumulation together with a tremendous increase of tissue fluid within the 
interstitial, pericellular and perivascular spaces, resulting in the histo- 
pathologic changes characteristic of cerebral edema. 

Sections taken from different portions of the centrum semiovale and from 
the subcortical white matter of the swollen hemisphere in a typical case of 
cerebral edema disclose both diffuse alterations of the nervous parenchyma 
and vascular changes. Fig. 4 illustrates the characteristic spongy appearance 
of the tissue caused by tremendous distention of the pericellular and peri- 
vascular spaces and by numerous large, oval spaces filled with serous fluid. 
The latter contain neither cellular elements nor stainable substance. 

In preparations stained by the Bodian silver method the widely sepa- 
rated nerve fibers display advanced degenerative changes, such as irregu- 
larity of contour, beading and final loss of stainability. 

The Loyez staining method for myelin sheaths reveals a striking, diffuse 
pallor. The lack of stainability is due partly to separation of the myelinated 
fibers and partly to the considerable degree of myelin sheath degeneration, as 
characterized by pronounced irregularity of contour and occasional disin- 
tegration into numerous darkly stained globules and granules. 

The glia shows only minor alterations. Some of the astrocytes disclose 
various degenerative changes of their nuclei. There is no appreciable increase 
in number of the neuroglial fibers. The oligodendroglial cells are moderately 
swollen and show partial loss of stainability; in some of their nuclei the 
chromatin is broken up into fine granules. The microglial cells are little 
affected. A few microglial phagocytes are seen near the walls of some of the 
blood vessels. 

The axons and myelin sheaths of the overlying cortical gray matter are 
relatively well preserved. The nerve cells, however, show various stages of 
ischemic degeneration as a result of tissue hypoxia, secondary to circulatory 
disturbances. 

The vascular alterations, which are conspicuous, consist of pronounced 
congestion, stasis and morphologic signs of vasoparalysis. Most of the veins 
and capillaries exhibit distention of their lumina and varying degrees of 








262 I. MARK SCHEINKER 


degeneration of the walls, associated with increased permeability for serous 
fluid. The perivascular spaces are tremendously distended with fluid. 

It is of interest to note that in some areas there is an accumulation of 
fluid between the pia and underlying cortical gray, thus forming an artificial 
““subpial space.” 


I. Cerebral Liquefaction 


This last, most advanced stage of cerebral swelling is characterized by: 
(1) large accumulations of serous fluid within the central white matter; (2) 





Fic. 5. Cerebral liquefaction. Large accumulations of serous fluid throughout the liquefied 
parenchyma. Hematoxylin eosin; X 180. 


diffuse and almost complete disintegration of the nerve fibers and myelin 
sheaths; (3) regressive glial changes (Alzheimer’s ameboid glia); and (4) 
degenerative alterations of the vessel walls. 

Sections taken from the white matter of the swollen hemisphere in a 
typical case disclose an extreme degree of tissue liquefaction. Large ac- 
cumulations of serous fluid are seen throughout the liquefied parenchyma 
and within the extremely distended perivascular spaces (Fig. 5). 

Preparations impregnated by the Bodian silver method reveal an almost 
complete destruction of the nerve fibers or disintegration into small frag- 
ments. The remaining axons, separated from one another by large spaces, 
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exhibit various degrees of degeneration ranging from tortuosity and diffuse 
or varicose swelling to complete disappearance. 

Sections stained by the Loyez method for myelin sheaths reveal diffuse 
pallor of the white matter as a result of widespread disintegration of most 
of the myelin sheaths. 

The glia shows far advanced regressive changes characteristic of Alz- 
heimer’s type of ameboid glial degeneration (Fig. 6). The individual glial 





Fic. 6. Cerebral liquefaction. Far advanced regressive glial changes (Alzheimer’s type of 
ameboid glia degeneration). Hematoxylin eosin; X 220. 


nuclei appear shrunken and pyknotic, and are surrounded by scanty, ir- 
regularly shaped cytoplasm. 

The majority of small veins show necrosis and homogenization of their 
walls (Fig. 7). 

Sections taken from the cortical ribbon disclose signs of compression and 
diffuse ischemic changes of the nerve cells. 


GENERAL PATHOLOGIC CONSIDERATIONS 


Among the histologic findings characteristic of all three stages of cerebral 
swelling (cerebral tumefaction, cerebral edema and cerebral liquefaction), 
circulatory changes are uniformly essential and predominant. 
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The earliest stage of vascular alterations, found in cerebral tumefaction, 
consists of a striking swelling of the endothelial cells of the capillaries. 

A more advanced type, seen in cerebral edema, reveals circulatory dis- 
turbances characterized by an extreme degree of congestion and stasis in 
frequent association with signs of vasoparalysis. These vascular changes, 
confined chiefly to small veins and capillaries, are manifested by signs of 
increased permeability for serous fluid of the vessel walls. 

Finally, in cerebral liquefaction, the smaller veins and capillaries disclose 
frank signs of degeneration and necrosis. 

Alterations of the nervous tissue proper, secondary to the circulatory 





Fic. 7. Cerebral liquefaction. Necrosis of the vessel wall. Note increased permeability for 
serous fluid. Cresyl violet; 180. 


disturbances, are briefly summarized as follows: In cerebral tumefaction, 
diffuse swelling of all constituents of the nervous parenchyma is the pre- 
dominant, characteristic feature. Such changes are observed only rarely in 
cases of cerebral edema. The findings in cerebral edema feature an alveolar or 
sieve-like appearance of the nervous tissue, together with maximal disten- 
tion of the perivascular and pericellular spaces. 

Whereas the myelin sheaths and nerve fibers in cerebral edema disclose 
only a relatively moderate degree of degeneration, in cerebral liquefaction 
the bulk of the nervous parenchyma shows severe damage or complete de- 
struction. Even the glia, which seems to withstand the process of tumefac- 
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tion and edema quite well, succumbs to the process of liquefaction, dis- 
closing widespread regressive signs in the form of Alzheimer’s ameboid glial 
degeneration. 

From these points of differentiation, it seems proper to conclude that 
cerebral liquefaction is a late sequela of cerebral tumefaction and cerebral 
edema. There is little doubt that the three histopathologic syndromes are 
varieties of the same morbid process. Differences in their morphology may 
be explained by differences in the duration and severity of the causative 
agent. Whereas the pathologic process in the early stage of cerebral tumefac- 
tion may be interpreted as intracellular accumulation of fluid with conse- 
quent swelling of the individual cells and fibers, the more advanced changes 
of cerebral edema and cerebral liquefaction are probably caused by-an extra- 
cellular increase of tissue fluid within the interstitial spaces. And it is to this 
condition that the differences among the histologic pictures of the three 
stages of cerebral swelling are to be attributed. Needless to say, the border- 
line between one stage and the next is not always well defined. In many 
vases there ts gradual transition or partial overlapping from one to another of 
the three stages. 

It should be stressed that the relatively minor lesions observed in cerebral 
tumefaction indicate the possibility of a reversible process, whereas the more 
advanced lesions seen in cerebral edema and cerebral liquefaction appear 
irreversible. 

Regardless of the histopathologic varieties of the morbid process, the 
gross appearance of the brain always manifests a considerable increase in 
bulk (actual swelling) of one or both hemispheres. The most appropriate 
common designation of the gross appearance of all three varieties of the 
morbid process, therefore, would seem to be “cerebral swelling.” 

Predominant localization of cerebral swelling. The white matter is pre- 
dominantly involved in all cases of brain swelling. The cerebral gray matter 
(cortical gray and basal ganglia) is less vulnerable. Although pathologic 
lesions of the cortical ribbon are frequently seen, they differ considerably 
from those of the white matter. Even grossly there is a striking discrepancy 
between the two. In contrast to the tremendously swollen white matter, the 
cortical gray substance is considerably decreased in size and may appear 
narrowed and compressed. 

Microscopically the change most commonly observed within the cortical 
gray matter in all three stages is early chromatolysis of the nerve cells. Only 
occasionally are encountered more advanced changes, such as pyknosis or 
ischemic nerve cell degeneration. The latter is characterized by loss of 
stainability of the cell cytoplasm, shrinkage of the nucleus, and irregularity 
and eccentricity of the nucleolus. The affected cells are frequently sur- 
rounded by an increased number of satellites (oligodendroglia nuclei). 

It is the author’s opinion that the cellular changes of the cortical ribbon 
are secondary to the swelling of the underlying white matter and may 
readily be interpreted as the result of pressure and ischemia. 
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Widening of the pericellular and perivascular spaces of the gray matter, 
described by many observers as characteristic for cerebral edema, is too 
frequently seen as the result of formalin fixation or of embedding in paraffin 
to be considered as a reliable sign. According to the author’s experience, such 
changes are to be evaluated only in association with other, more reliable signs, 
such as vascular alterations, swelling of the nerve fibers and glial changes. 

The accumulation of fluid, however, in the distended subpial space may 
constitute a fairly reliable sign of edema; it cannot be interpreted as an 
artifact resulting from poor fixation or embedding, because it is seldom ob- 
served under those conditions. 

What mechanism is responsible for the selective vulnerability of the white 
matter for cerebral swelling? Different regions of the cerebrum are charac- 
terized by different patterns of blood supply. It has been demonstrated in an 
extensive series of pathologic conditions (Scheinker**) that the type and 
distribution of cerebral lesions are influenced primarily by local structure 
and, in particular, by local vascular supply. The selective vulnerability of 
the white matter for cerebral swelling can best be explained by the peculiar- 
ity of its blood supply. According to Cobb,’ capillary counts reveal about 
1,000 mm. of capillary length per ¢.mm. of tissue in the middle layers of the 
cerebral cortex, as compared with about 200 mm. of capillary length per 
¢e.mm. in the underlying white matter. Of still greater importance are differ- 
ences in arrangement and size of the vascular tree of the white matter and 
that of the gray. Whereas the cortical ribbon is supplied by a vascular system 
of network type, formed by a tremendously dense net of capillaries, the 

rascularization of the white substance consists chiefly of undivided vascular 
channels of considerable length. The anastamoses of the latter, compared 
with those of the cortex, are scanty, wide-meshed and more nearly rectangu- 
lar (Alexander and Putnam’). The great majority of the larger blood vessels 
of the white matter are veins. 

The vascular alterations in all stages of cerebral swelling involve chiefly 
the veins and capillaries of the white matter. Congestion, stasis and vaso- 
paralysis, associated with partial immobilization of blood flow, are common 
to almost all cases of cerebral swelling. 

It is obvious that the effects of retarded circulation are likely to be more 
pronounced in the poorly vascularized white matter than in the gray sub- 
stance, richly supplied as it is by an arborized vascular network. The absence 
of rich anastamoses from the white matter would facilitate the detrimental 
effects of stasis and vasoparalysis, and would explain the selective vulner- 
ability of the white matter for circulatory disturbances which result in 
cerebral swelling. 

It is interesting to note that, in his observations of asphyxia and anoxia, 
Courville’ found changes quite similar to those in cerebral swelling; viz., 
acute swelling of the oligodendroglia, distention of the perivascular spaces, 
swelling and vacuolization of the myelin sheaths, degeneration of axis- 
cylinders and, finally, progressive and regressive glia changes. 
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The same changes are frequently observable in vascular accidents result- 
ing in sudden occlusion of a major blood vessel. It is generally known that, 
in the early stage of cerebral infarction, there may be a pronounced degree 
of associated swelling confined chiefly to the white matter. It is quite evident 
that the causative factor of edema in these cases must be ascribed to circula- 
tory disturbances. 


EXPERIMENTAL STUDIES 

In their recent experimental work on brain edema, Prados, Strowger and 
Feindel'’ found changes similar to those described by the author in human 
brains. In the earliest phase of the experimentally produced edema, vaso- 
dilatation of the venules and capillaries occurs. About two hours after the 
outset of the experiment, a certain degree of brain swelling may be noticeable. 
By means of intravenous injections of trypan dyes, the authors demon- 
strated a definite increase in the permeability of the blood vessels as evi- 
denced by diffuse leakage of the dye through the capillary endothelium into 
the adjacent tissue, resulting in diffuse staining of the nervous parenchyma. 
It has been established by numerous investigators that, except under 
pathologic conditions, ectodermal elements of the brain have no affinity for 
trypan blue. 

Histopathologic examination of the brains of the experimental animals 
disclosed pronounced morphologic changes in the small blood vessels, as 
characterized by engorgement and aneurysmal dilatation of the capillaries 
and occasional extravasation of blood into the perivascular spaces. Some of 
the capillaries, however, were emptied and collapsed; with benzidine stain, 
areas of ischemia were occasionally demonstrated. Neuronal changes, which 
were observable early, were characterized either by swelling, chromatolysis 
and liquefaction or by shrinkage and homogenization of the cells associated 
with dilatation of the perineural spaces. There was a moderate degree of 
microglial proliferation. After 48 hours the pathologic tissue alterations be- 
gan to revert to normal, and at the end of the third or fourth day normal, 
preoperative conditions were restored. 

In their study the authors arrived at the following conclusion: “Our ex- 
periments show that the vessels of the brain undergo an increase of perme- 
ability and certain morphologic changes, which would lead us to agree with 
Scheinker’s point of view that the circulatory changes are essential to ex- 
plain the excess of fluid in the tissue spaces which is the fundamental feature 
in any edematous condition.”” In summarizing the histopathologic findings, 
the authors concluded that “the whole picture could be considered as a 
mild, edema-like reaction due to a primary alteration, both functional and 
anatomic, of the integrity of the circulation, the cellular alterations being 
secondary to the circulatory changes.” \italicized by the writer] 

Although the aforementioned experiment is of great value, many more 
studies are needed to fill in all the gaps in present-day knowledge of the in- 
tricate problem of cerebral swelling. 
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CLINICOPATHOLOGIC CORRELATIONS 

In the vast majority of cases of space-consuming lesions, increased intra- 
cranial pressure is the direct result of cerebral swelling. General brain tumor 
symptoms, such as headache, vomiting, dizzy spells, associated with general 
signs of increased intracranial pressure (papilledema and slow pulse rate), 
are probably in part the result of cerebral swelling. 

In 1920 Meyer" called attention to medial displacement and herniation 
of the hippocampal gyrus into the tentorial incisura in cases of space- 
consuming intracranial lesions. The subject was later elaborated by van 
Gehuchten,”’ Jefferson,'° Moore and Stern,’ Smyth and Henderson,” Reid 
and Cone,'® and Schwarz and Rosner.” All these contributors have amply 
demonstrated that space-consuming lesions may cause appreciable hernia- 
tion of the hippocampal gyrus of the temporal lobe into the potential space 
lying between the free edges of the tentorium and the brain stem. 

The same studies have shown that a series of clinical signs and symptoms 
may be associated with this type of herniation. The most frequently ob- 
served symptoms are: anisocoria, with or without dysfunction of the pupil- 
lary light reflexes; imbalance of extra-ocular muscles; cardiorespiratory and 
thermoregulatory disturbances; paradoxic and shifting signs of involvement 
of the pyramidal tracts; decerebrate rigidity and stiffness of the neck. 

In a recent study (Scheinker*’), it was demonstrated that herniation of a 
relatively small portion of compressible tissue (hippocampal herniation) is 
not the real cause of the gravity of the clinical syndrome. 

A histopathologic analysis of 55 cases revealed that most of the clinical 
symptoms and the frequent sudden deaths are to be ascribed to a frank 
herniation of the rostral portion of the brain stem into the tentorial opening, 
followed by swelling and/or hemorrhages within the vitally important mid- 
brain centers. The syndrome, previously designated by several investigators 
as “hippocampal herniation” or “temporal pressure cone,” was described by 
this author as “‘transtentorial herniation of the brain stem.” 

Of the numerous points that emerged from the study of transtentorial 
herniation of the brain stem, the following are briefly summarized: 

Unilateral cerebral swelling as a frequent cause of brain stem herniation 
through the tentorial opening. In all cases of brain stem herniation associated 
with cerebral trauma, brain tumor, brain abscess or massive intracerebral 
hemorrhage, there is pronounced unilateral swelling of the affected hemi- 
sphere with shift and compression of the ventricular system toward the op- 
posite side. The shift and compression of the ventricles are readily explained 
by the unilateral swelling of the brain, in some instances sufficient to cause 
displacement of the affected hemisphere across the midline under the free 
edge of the rigid falx. Inasmuch as the falx in the adult is an immobile struc- 
ture, it is obvious that there must be a tendency to displacement of the 
swollen hemisphere specifically beneath the free edge of the falx, causing 
herniation of the supracallosal gyrus. 

In all cases under study by the author, there was a herniation of the 
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rostral portion of the midbrain through the tentorial opening. The homo- 
lateral side of the brain stem was considerably swollen. The aqueduct of 
Sylvius appeared displaced and compressed. 

It is evident that, as a result of the swelling of the entire hemisphere, 
including the temporal lobe, the mesial portion of the latter lying im- 
mediately above the tentorial ring is the first to be displaced downward 
through the tentorial opening. With increased duration and severity of the 
brain swelling, a downward displacement and frank herniation, together 
with distortion and compression, of the midbrain take place. 


> 





Fig. 8. Transtentorial brain stem herniation. Tremendous swelling of left half of brain stem; com- 
pression and downward displacement of right cerebral peduncle. Note coalescent small hemorrhages 
within the swollen left tegment. Loyez stain for myelin sheaths. 


Pathologic lesions produced by the transtentorial brain stem herniation. On 
gross examination the midbrain appears swollen, as a rule, and reveals large 
numbers of small, coalescent hemorrhagic effusions (Fig. 8). No part of the 
brain stem appears immune from hemorrhage, though most of the hemor- 
thages are observed in the rostral portion of the brain stem and only rela- 
tively few are detected in the caudal portion. The great majority of hemor- 
thagic lesions are situated in the tegmental portion of the midbrain, chiefly 
in the periaqueductal region and in the median raphe. However, it should 
be emphasized that the brain stem lesions may occasionally be of such 
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minimal degree that they may easily be overlooked on gross examination. 
Almost all cases of brain stem herniation which came to the author’s at- 
tention as grossly normal disclosed, on microscopic examination, various 
stages of swelling and far advanced degenerative neuronal changes. 

Origin and pathogenesis of hemorrhages of the brain stem. In published 
reports on midbrain hemorrhages, stress has always been placed upon their 
arterial origin (Moore and Stern, and others). However, there has recently 
been brought forth evidence that hemorrhages of the brain stem are, irrespec- 
tive of their etiology (cerebral trauma, brain tumor, brain abscess or in- 
tracerebral massive hemorrhages), venous in origin and related to medium- 
sized and small veins (Scheinker). Often the hemorrhages may occur in the 
form of narrow bands, enclosing the extremely congested veins like a sleeve, 
either occupying the perivascular spaces or lying free in the adjacent nerve 
tissue. In many instances the small perivenous hemorrhages tend to fuse, 
thus giving rise to larger hemorrhages. Only in those relatively few instances 
when the hemorrhagic lesions are more extensive, may it be difficult or im- 
possible to be sure of the source of the hemorrhage; and this is mainly be- 
‘ause of complete disintegration of the tissue and abundance of blood. 
Within the great majority of the smaller hemorrhagic lesions, however, there 
may be seen one or several tremendously congested veins with walls display- 
ing advanced disorganization, but not real rupture. In some instances the 
veins are represented by mere outlines of their walls. These have undergone 
almost complete degeneration and the content of the veins merges with the 
extravasated blood surrounding the blood vessels. The perivascular spaces, 
maximally distended as a rule, are filled with large masses of serous fluid and 
red blood cells. 

Swelling of the herniated brain stem. In many of those cases in which the 
gross appearance of the herniated brain stem is normal or shows a moderate 
degree of increase in bulk, the microscopic examination discloses findings 
characteristic of tumefaction, edema or liquefaction. As a rule, these changes 
are associated with congestion of the smaller veins and capillaries. Only oc- 

‘asionally are there small petechial hemorrhages within the distended peri- 
vascular spaces of some of the congested veins. 

Pathophysiologic mechanism responsible for herniation and hemorrhages of 
the brain stem. The following theory of the mechanism responsible for the 
development of edema and hemorrhage in the brain stem is proposed for 
consideration: The author’s own observations afford evidence that a sudden 
increase in bulk of one of the cerebral hemispheres, caused by swelling of the 
brain, leads to an acute increase in the supratentorial pressure. In the earlier 
stages the affected cerebral hemisphere displaces cerebrospinal fluid from 
the subarachnoid space and from the cisterns. At a later stage the ever in- 
creasing demand for space leads to profound shifts of cerebral substance; the 
initial formation of a temporal pressure cone (as described by Meyer,” 

van Gehuchten,”’ Jefferson,’ Reid and Cone,!® and others) is followed by 
downward displacement and herniation of the brain stem with subsequent 
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plugging of the tentorial hiatus, producing a bottleneck for both the sub- 
arachnoid and the ventricular fluid. At the same time, the shifting cerebral 
substance may compress or occlude the narrow aqueduct of Sylvius, and the 
intraventricular fluid becomes trapped in the lateral and third ventricles. 
This leads to a steadily progressing disparity between the intracranial pres- 
sure above and that below the tentorium. With the constant increase of the 
intraventricular pressure, the herniated portion of the brain stem is pushed 
deeper into the tentorial opening. As it progresses, it leads to compression 
and stretching of the superficial blood vessels, especially the veins, with con- 
siderable obstruction of the venous circulation and a resultant severe degree 
of congestion and stasis. The thin-walled, smaller veins, composed of simple 
endothelial tubes, are most likely to be vulnerable to compression and to 
hypoxic degenerative changes in their walls resulting from stasis. ‘Thus, in 
the earlier stages, compression of thin-walled veins between the impinging 
uncus and the brain stem is believed to occur. In the later stages the possi- 
bility of interference with free venous outflow is even greater because the 
cerebral substance and the intervening veins are jammed against rigid dural 
reflections. This is believed to result in a severe degree of congestion and 
stasis, local venous hypoxia due to the stasis and, possibly, degenerative 
changes in the walls of the veins. Finally, if complete block of cerebrospinal 
fluid occurs, resulting in increased supratentorial pressure with complete 
herniation of the brain stem, the smaller veins are ready to give way and 
numerous perivenous extravasations take place. The small veins of the peri- 
aqueductal region evidently are poorly supported by the loose tissue of the 
gray substance, as compared with those of the white matter; which theory 
may explain the predilection of the perivenous hemorrhages for this region. 
The fixation of a certain number of the larger superficial veins of the brain 
stem for a long distance parallel to a bony surface makes them more exposed 
to the increased pressure. 

The anatomic observations in support of this theory of mechanism may 
be listed as follows: (1) the gross and histopathologic evidence of swelling 
of the brain present in the affected hemisphere; (2) transtentorial herniation 
of the rostral portion of the brain stem; and, finally (3) the predominantly 
perivenous character of the hemorrhages in the midbrain associated with far 
advanced venous congestion and stasis. 

Correlations between ventricular and lumbar pressures. In the past the 
pressure within the cerebral ventricles was considered always to be in equi- 
librium with the pressure throughout the spinal subarachnoid space. The 
observations of Hodgson*® and Smyth and Henderson” give strong support 
to the belief that the lumbar and the ventricular pressures are not of neces- 
sity always equal. Hodgson reported a series of 49 cases of intracranial tumor 
in which he studied the ventricular and lumbar pressures. He concluded that 
partial block might result from herniation of the cerebellar tonsils, and that 
under such conditions the initial lumbar pressure might be lower than the 
pressure in the ventricles. The relation between the lumbar and the ventricu- 
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lar cerebrospinal fluid was studied by Smyth and Henderson in 39 patients, 
the majority of whom had intracranial tumor. Their observations proved 
that the ventricular pressure exceeded the lumbar pressure in all cases in 
which the tumor was above the tentorium and in which there was post- 
mortem evidence of herniation of the ipsilateral temporal lobe through the 
incisura tentorii. On the other hand, in cases in which the tumor was situated 
subtentorially the lumbar and ventricular pressures were equal. It is of inter- 
est that in the latter group of cases there was pronounced, and in some cases 
extreme, tonsillar herniation. On the basis of these extremely important 
observations, Smyth and Henderson came to the conclusion that the dis- 
parity between the ventricular and the lumbar pressures is due mainly to 
herniation of the medial border of the temporal lobes into the incisura 
tentorii, with subsequent compression or obliteration of the iter of Sylvius. 

Moore and Stern" collected 10 cases of hemorrhages of the brain stem 
out of 130 cases of intracranial tumor. The presence or absence of herniation 
of the hippocampal gyrus was not stated in every case, but the lesion was 
present in the majority. In spite of this observation, the authors came to 
the conclusion that the hemorrhages in the brain stem “are finally brought 
on by reflex increase in the systemic blood pressure.” 

vaperimental observations. The relation between the ventricular and lum- 
bar cerebrospinal fluid pressures has been studied experimentally by Kahn." 
An extreme degree of edema of the brain was produced by the perfusion of 
distilled water in the common carotid artery of animals. During the experi- 
ments the cisternal and intraventricular pressures were recorded simultane- 
ously. 

High intraventricular and relatively low cisternal pressures were con- 
stantly observed. This disparity was interpreted as probably due to herni- 
ation of the brain stem into the foramen magnum or through the incisura 
tentorii, with the creation of a resulting partial block between the lateral 
ventricles and the cisterna magna. The circulatory and respiratory embar- 
rassment associated with high levels of intraventricular pressure could be 
relieved by ventricular drainage. No circulatory or respiratory embarrass- 
ment occurred when both the cisternal and the intraventricular pressures 
were at high levels; medullary embarrassment appeared soon after the cis- 
ternal pressure was lowered, the intraventricular pressure alone remaining 
high. 

Clinical conclusions. What additional therapeutic conclusions are to be 
derived from the pathologic observations described? The following signifi- 
‘ant clinical points should be stressed: 

Transtentorial herniation of the brain stem presents a grave hazard for 
the clinician and the neurosurgeon. It is evident that lumbar puncture and 
pneumoencephalography must be interdicted if the existence of the hernia- 
tion of the brain stem has been clinically recognized or suspected. 

Transtentorial herniation of the brain stem explains in some instances 





the 
lar 


ris] 
tra 
pre 
gre 


fol 
nu 
vel 
litt 
tal 
the 


su 
Inhe 


th: 
pu 
br. 
be 
ble 
re: 
wi 


at 
Tl 
te) 
eV 


lol 


dr 
OF 


ce 


al 


SV 


of 


res 
‘is- 


ng 


be 
ifi- 


for 
ind 
lla- 


ces 





CEREBRAL SWELLING 273 


the fact that lumbar pressures are not always a true index of intraventricu- 
lar pressures. 

Patients with lesions of the temporal lobe appear to be graver clinical 
risks, probably because of the possible tendency toward development of 
transtentorial herniation of the brain stem. Therefore such manipulative 
procedures as lumbar puncture or pneumoencephalography are attended by 
greater risks. 

It has been assumed, in cases of supratentorial tumor in which death 
followed lumbar puncture, that cerebellar herniation into the foramen mag- 
num was responsible. However, it has not been explained how the intra- 
ventricular pressure could be transmitted to the posterior fossa. There is 
little doubt that transtentorial herniation of the brain stem is the impor- 
tant factor. The frequent absence of cerebellar pressure cone corroborates 
these conclusions. 

It is quite evident, however, that in some cases of subtentorial lesions, 
such as cerebellar neoplasms, the cerebellar herniation into the foramen 
magnum may be responsible for death following lumbar puncture. 

Clinical and pathophysiologic evidence has been accumulated to prove 
that the hypothalamic nuclei contain the higher regulatory centers for res- 
piratory and cardiac control. It appears that transtentorial herniation of the 
brain stem might result in an interruption of the cardiorespiratory pathways 
between the diencephalic and the medullary centers, and might be responsi- 
ble for the so-called neurovegetative disturbances: namely, irregularities in 
respiration and pulse, hyperthermia and sudden cessation of respiration, 
with a rapid, bounding and often irregular pulse. 

Attempts to release the temporal pressure cone by removal of the herni- 
ated portion of the gyrus hippocampus have been suggested by Jefferson.'” 
The author’s own observations suggest that section of the free edge of the rigid 
tentorium should be undertaken in an effort to distribute pressure more 
evenly. In many cases, and particularly in those of tumor of the temporal 
lobe, this is technically possible. 

It is conceivable that in certain cases the establishment of ventricular 
drainage might prove to be a life-saving measure, pending a more definite 
operative attack. 


SUMMARY 

The gross and histopathologic findings of cerebral swelling in 125 cases 
have been studied. 

Regardless of the primary cause of the cerebral swelling (brain tumor, 
cerebral abscess, massive hemorrhage or cerebral infarction), the findings in 
all cases were identical. 

Attention is called to the incompleteness of understanding of cerebral 
swelling on the part of both clinicians and pathologists, and to the prevalence 
of contradictory concepts relative to the condition. 
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“Cerebral swelling” is the term proposed to denote the gross appearance 
of a brain characterized by a local or diffuse increase in bulk of one or both 
hemispheres. 

The condition referred to grossly as “cerebral swelling” is represented 
microscopically by three types of histopathologic change, described as 
tumefaction, edema and liquefaction. The characteristic histologic criteria 
for recognition of, and differentiation among, the three types of lesions are 
given in detail. 

Despite discrepancies in their histopathologic features, it is assumed that 
fundamentally the three conditions represent different stages of the same 
biologic process; occasionally they may merge insensibly one with another. 
Attention is drawn to the significance of unilateral cerebral swelling in the 
production of transtentorial brain stem herniation. 

The réle of cerebral swelling in the production of midbrain hemorrhages 
is emphasized. These are believed to be perivenous in origin, and to be caused 
by an extreme degree of venous congestion resulting from compression and 
strangulation of the veins of the herniated midbrain. 

In view of the gravity of the clinical symptoms resulting from trans- 
tentorial herniation of the brain stem, an attempt to distribute pressure more 
evenly by means of the establishment of ventricular drainage or by means 
of section of the free edge of the rigid tentorium may be a life-saving meas- 
ure, pending final and more radical treatment. 
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CASE REPORTS AND TECHNICAL NOTES 


CONGENITAL DERMAL (PILONIDAL) SINUS WITH DURAL CONNECTION 
CASE REPORT AND DISCUSSION 


Magor Evucens FE. Cuirrron, M.C., A.U.S.,* anp Ligut. Joun R. Rypewi, M.C., A.U.S. 
(Received November 19, 1946) 


Congenital dermal sinuses (pilonidal sinuses) in the sacrococcygeal region are not uncom- 
mon. However, cases of dermal sinus in communication with the dura are rare. To date, we 
believe, 15 such cases have been reported; the present case would make 16. 

Walker and Bucy”! compiled the previously reported cases, and added 3 cases in 1934. 
Kooistra" again reviewed the 13 previously reported cases and added one of his own in 1942. 
Since that time we believe the only case reported has been that of Shenkin, Hunt and Horn.'* 
Because of the previous adequate reviews, we shall not repeat the description of the cases re- 
ported by Clark,® Moise," Ripley and Thompson,'® W. and N. Sharpe,'? Ottonello," Hipsley,' 
Hamby,* Stammers,'? and Boldrey and Elvidge.? 

The present case differs in several respects from those previously reported. The patient is 
the oldest of any described, 22 years (see Table 1). He had minimal symptoms as compared 
to previous patients, and he had no serious complications of the lesion. 


CASK REPORT 


A 22-year-old Sergeant was admitted to Wakeman General Hospital on 20 December 1945, 
as a direct admission from the Camp Atterbury Separation Center. His chief complaint was 
increasing stiffness of the right leg, associated with right sciatic pain. 

Past history was non-contributory with the exception that he had always been aware of a 
small dimple over the sacrum, but this had never troubled him, had never drained, and he had 
not restricted his activities as a student because of it until the onset of the present illness in 
April 1943. In March 1948, he was inducted into the Army, and it was while he was engaged in 
basic training that he developed his first symptoms, which consisted of undue stiffness and 
soreness in the right lower extremity. This continued intermittently with increasing severity, 
and he reported to sick call from time to time and was given some tablets, with no relief. He 
was able to remain on active duty, which included several months overseas in the European 
theater. Over a period of several months, he gradually developed a moderate chronic low back 
pain superimposed on that in the lower extremity. 

In July 1945, he noticed considerable tenderness in the lower lumbar region and within a 
few days developed inflammation in this area with localized redness, pain, and a slight 
amount of discharge from the sinus. He again went on sick call, and treatment consisted of hot 
wet dressings. The soreness cleared spontaneously, but recurred in October 1945, when the 
same type of treatment cleared the inflammation. Neither of these attacks was severe enough 
to keep the patient in bed, nor were they associated with much generalized malaise, stiff neck, 
or other signs of meningeal irritation. He was told, at that time, that he had a pilonidal cyst 
that should be removed. 

Since the second attack of inflammation, he had suffered daily from pain, beginning in the 
right buttock and sacral region, radiating down the back of the thigh to the knee, and asso- 
ciated with increasing soreness and stiffness, both in the back and in the right leg. All symp- 
toms were made worse by any exertion, especially bending or lifting, or walking for any dis- 
tance. On admission to this hospital, he had such pain and disability that he was unable to do 


* Now at Army and Navy General Hospital, Hot Springs National Park, Arkansas, 
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CONGENITAL DERMAL SINUS WITH DURAL CONNECTION Q77 
any consistent or sustained work, and was desirous of any operation which might offer some 
amelioration of his symptoms. He had never noticed any significant degree of weakness or 
sensory changes. He maintained that there had never been any drainage from the sinus except 
on the two occasions when it became inflamed. 

Examination. He was a well-developed young man, who did not appear ill. There was an 
obvious dermal sinus, with a small tuft of protruding hair, in the midline at the level of the 
2nd sacral vertebra, higher than the usual pilonidal sinus. There were no signs of inflammation 
in this area. The patient stood with a slight scoliosis convex to the left, and placed more of the 
body weight on the left leg than he did on the right. Forward bending was limited to about 
40° so that the finger tips failed to touch the floor by 24 in. Motions of the spine in other direc- 
tions were impaired to a somewhat lesser extent. The right thigh was slightly smaller than the 
left, measuring 17 in. in circumference at a point 10 in. distal to the anterior-superior iliac 





tz 
pe 


Fic. 1, Preoperative X-rays revealing spina bifida. The sinus passed through just above the separate spine 
segment in region of S-2 in the area of the notch. 


spine, and the left thigh measured 18 in. at the same level. There was no demonstrable atrophy 
of the lower leg. There was a slight weakness of the extensors and flexors of the right knee, as 
compared to the left, but this was not enough to cause a demonstrable limp. There was a posi- 
tive Laségue sign bilaterally with straight leg-raising limited to 20° on the right and 60° on 
the left. Knee and ankle jerks were equal and active bilaterally and the plantar responses were 
normal. Sensory examination revealed no abnormal sensory changes anywhere in the body. 

X-rays of the spine revealed spina bifida occulta of the entire sacrum (Fig. 1). X-rays of 
the pelvis were otherwise negative and those of the knee were negative. Because of the possi- 
bility that the sinus might extend into the spinal canal, a pantopaque myelogram was per- 
formed 25 January 1946. The needle was inserted in the 3rd lumbar interspace and a free 
flow of crystal-clear fluid was obtained at a pressure of 6 mm. of mercury. The Queckenstedt 
test was negative. Analysis of the cerebrospinal fluid thus obtained revealed no cells, a negative 
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Wassermann, a colloidal gold curve of 0000000000, no increase in globulin, total protein of 
less than 35 mgm. per cent and sugar of 45 mgm. per cent. Fluoroscopy and X-ray films pre- 
sented a very interesting picture. As the opaque medium flowed caudally it split into two col- 
umns. The linear defect formed in the pantopaque column began to the right of the midline 
near the lower edge of the 5th lumbar vertebra and extended downward and medially to the 
midline over the Ist sacral segment. 

Operation. On 14 February 1946, under avertin gas anesthesia, a midline incision was 
made from the level of the 4th lumbar vertebra to the 3rd sacral segment, surrounding the 
sinus opening over the 2nd sacral segment. Dissection was carried out, freeing the sinus com- 
pletely to the point where it passed through the bony defect at the upper edge of the 2nd sac- 
ral segment. The free spinous process of the 2nd sacral segment was separated from the sinus 
tract and lifted out, after incising the fibrous tissue connecting it to the partially formed lam- 
inae. A partial laminectomy was performed to include the 5th lumbar and part of the 4th 





Fig. 2. Postoperative X-ray showing defect remaining after partial laminectomy. 


lumbar laminae (Fig. 2). After exposure of the dural sac the sinus was seen to enter the sac al 
the distal tip, near its posterior surface (Fig. 3). A probe dropped from the skin opening into 
the dural sac without any pressure. The dural sac was opened and a marked inflammatory 
reaction of all the nerve roots was noted. The roots were bound down to the anterior and lateral 
walls of the dura by firm adhesions. The inflammatory reaction was evidently old because 
several calcified plaques were present, the largest, about 104 mm., lying on and constricting 
the right 2nd and 3rd sacral roots. The filum terminale was bound down anteriorly in the 
region of the 4th lumbar vertebra and then coursed across the dural sac, becoming adherent to 
the posterior dura at the lower edge of the 5th lumbar vertebra, and ended in continuity with 
the opening of the sinus at the posterior edge of the tip of the dural sac. It was taut, and at the 
time of the operation it was felt this explained the defect seen in the myelogram (see discus- 
sion). Irrigation of the lumbar canal washed out several large lumps of soft filmy grayish- 
white material, These were sent to the pathologist for section; however, they dissolved com- 
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pletely in the process of preparation. In view of the fact that the patient had such good fune- 
tion of the sphincters and such good strength in the legs, great care was used in freeing the 
roots and only the most seriously involved ones, including the right 2nd and 3rd sacral, were 
completely freed. Actually there was marked degeneration of these roots. The dural sac was 
closed with interrupted silk. The patient withstood the operation very well. 

Course. For the first 2 or 3 days postoperatively, he had some hesitancy and difficulty in 
urination but this cleared spontaneously, and at no time was there any fecal incontinence. He 
was kept on bed rest for 12 days, and after gradual mobilization he was permitted to take a fur- 
lough on the 30th postoperative day. 

The patient was seen and examined at 3 and 5 months after operation. He had remained 
free of pain in the leg, and there had been little or no residual backache. Moreover, there had 
been some improvement in the mobility of the low back since operation. There were no areas 





Fic. 3. Left: Sinus opening in ellipse of skin. The opened dura can be seen. Right: Showing sinus con- 
necting dura with ellipse of skin and fat pad, which has been drawn downward with tip of dural sac. One 
of the calcified plaques can be seen between the two upper stay sutures and the adherent filum terminale 
can be seen attached to inside of dura near its edge. 


of sensory loss and the reflexes were equal and normal. A repeat myelogram on 4 June 1946 
showed a residual defect (Fig. 4). He was separated from the service 5 months postoperative 
via Separation Center. 

PATHOLOGY 


The gross specimen included a small tab of epithelial tissue with a sinus orifice in its center. 
The sinus had been removed intact down to the dura, and is about 5 em. in length. Cross sec- 
tion of the sinus tract reveals fatty tissue in the periphery, and as one approaches the sinus, 
there is an increased amount of fibrosis. The sinus measures 4X2 mm. in its widest diameter. 
It appears to be filled with a necrotic debris. Microscopic study reveals that the sinus tract is 
lined by stratified squamous epithelium, but there is little evidence of any active inflammatory 
process. The sinus tract is surrounded by a rather dense connective tissue in its immediate 
Vicinity. 
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Fic. 4. Pantopaque myelogram 5 months postoperatively, showing residual defect. 


DISCUSSION 

Communication of a congenital dermal sinus with the dura is rare, but the complications 
are so serious that it should always be considered as a possibility, especially if certain charac- 
teristics are noted. In all of the previously reported cases the patients have been younger than 
this man (see Table 1). In all instances the sinus opening has been above the usual position of 
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pilonidal sinus openings, and in many cases it has been in the thoracic or cervical region (‘Table 
1). Other ways in which these particular sinuses differ from the ordinary pilonidal sinus are 
that they usually have only one sinus opening and in several cases dermoid cysts have been 
present. In all cases reported there has been associated spina bifida. 

Neurological signs, in most instances of a serious nature, have been present in all reported 
cases, but these have usually been due to the complications of the sinus, such as meningitis, 
tumor (dermoid) or abscess. The complications that may arise from communication between 
the dura and skin are numerous and serious. These range from escape of cerebrospinal fluid 
through all stages of inflammation to fulminating meningitis. Whether infection be spontane- 
ous or induced by manipulation, such as probing or injection of various media, it has serious 
consequence. Severe meningitis occurred in at least 4 of the previously reported cases—those 
of Moise,'® Ripley and Thompson," one of Stammers!? and the case of Shenkin, Hunt and 
Horn.'* Two of these patients died. In this regard in treatment of congenital dermal sinuses, it 
is felt that if a single sinus opening, higher than usual, be present, with or without neuro- 
logical signs, X-rays of the spine should be obtained for the presence of spina bifida. Myelo- 
grams should be made in each case. Any manipulation should be deprecated if there is any 
suspicion of communication with the dura. 

In the cases of Ottonello,’ Hipsley,’’ and Kooistra! myelograms were made, all of which 
showed complete block in the area of the sinus. The pantopaque myelogram in the present case 
revealed a very unusual finding, a slit-like defect in the pantopaque column in the region of 
the 5th lumbar and Ist sacral segments. In view of the operative finding, we considered this 
due to the thickened, taut, filum terminale drawn and held posteriorly by the inflammatory 
adhesions. 

The sinus in this case was not proven to be continuous with the central canal by way of 
a patent filum terminale, as in the case of Shenkin, Hunt and Horn, but the possibility was 
certainly present. Further manipulation could not have been justified even if we had been 
aware at the time of their findings. Despite this lack, however, we feel our findings can be con- 
sidered as confirmatory evidence of the opinion that these dermal sinuses arise from the ves- 
tiges of the central canal as suggested by Herrmann and Tourneux,’ Mallory,'? Gage®? and 
Oehlecker™ and supported by Shenkin, Hunt and Horn.'® Whether all pilonidal sinuses owe 
their origin to this mechanism or arise as an infolding of the surface epithelium as maintained 
by Féré,4 Fox,’ and Stone,”° or in one of the many ways previously suggested,! remains to be 
determined. 


SUMMARY 


1. A case of congenital sacral dermal sinus in communication with the dural sae and in 
direct continuity with the filum terminale is presented. 

2. Unusual X-ray (myelogram) findings are described. There was a slit-like defect arising 
to the right of the midline of the lumbar 5 interspace and extending downward and medially 
over the Ist sacral segment. 

3. The findings are considered evidence in support of the opinion that dermal sinuses in 
this area originate as malformations in development of the neural canal. 

4. Pilonidal sinuses should always be viewed with suspicion, and manipulation of the sinus 
by probing, injection or other methods should be carried out with care and only after consider- 
ing the possibility of an intradural connection of the sinus. 
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TWO TUMORS, MENINGIOMA AND GLIOBLASTOMA MULTIFORME, 
IN ONE PATIENT 


EMANUEL H. Fetrinc, M.D., AND Leo M. Daviporr, M.D. 
Neurosurgical Service, Montefiore Hospital, New York, N.Y. 


(Received for publication November 20, 1946) 


A number of reports dealing with multiple intracranial tumors is available in the litera- 


ture. If one excludes those cases that properly belong in the category of von Recklinghau- 
sen’s disease, the occurrence of such multiple tumors is decidedly infrequent. Out of a total 
of 295 cases, Cushing and Eisenhardt‘ report but 3 instances of more than one meningioma in 
the same individual. An incidence of 1 in 75 cases is recorded by Frazier and Alpers.® Some- 
what higher is the figure listed by Horrax,*® 4 multiple meningiomas in a series of 60, Other 
such cases have been reported, most recently by Arieti! and by Mufson and Davidoff.!® The 
reader is referred to these papers and to the monograph of Cushing and Eisenhardt for a more 
detailed perusal of the literature. 


Multiple gliomas are also not unknown. Bailey and Cushing? found 2 such instances in 


their collection of 412 gliomas, one a pinealoma and a glioma of the optic chiasm, the other a 
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pinealoma and a medulloepithelioma. Courville® collected 113 recorded cases and added an- 
other 21 of his own. It is worthy of mention also that of the 16 cases of spongioblastoma multi- 
forme described by Globus and Strauss? in 1925, 6 had multiple centers of growth. 

Least frequent in occurrence are multiple tumors of both glial and meningeal origin. 
Reference is made by Cushing and Eisenhardt! to the existence of glial tumors in association 
with central neurinomatosis and multiple meningiomatosis. In addition, among their group of 
peritorcular meningiomas, is included one case with a concomitant glioblastoma of the corpus 
callosum. In a case reported by Myerson," 6 tumors were found on the right side of the brain. 
Two of these were meningeal and 4 glial in origin. The occurrence of an angioblastic menin- 
gioma and an astrocytoma in one case and of a meningothelial meningioma and an astro- 
cytoma in another is described by Arieti.! Recently Kirschbaum® has reported an intrasellar 
meningioma, an unusual finding in itself, coexisting with multiple gliogenous tumors. 

The case to be described is-another instance of multiple intracranial tumors of varying 
origin. Not only did it prove interesting because of the rarity of the combination but also be- 
cause of the unusual sequence of events which led to the recognition of both tumors during 
life. 

CASE REPORT 


A. W., Montefiore Hospital #40366. Removal of a right frontal meningioma in a 58-year-old 
woman, with failure to improve postoperatively. Accumulation of cerebrospinal fluid under scalp 
at site of operation, mental deterioration, recurrence of increased intracranial pressure. Pneumen- 
cephalographic evidence of a left cerebral lesion. Operation and verification of a left frontal infil- 
trating glioma. 

History. A 58-year-old white female was admitted to the hospital on April 19, 1946, because 
of headache of 15 months’ duration. Her only other complaint was blurring of vision of the 
left eye. This symptom had been present for about 2 months prior to admission. The pa- 
tient was right-handed. 

Examination. The neurological examination was negative except for haziness of the optic 
nerve heads. She appeared mentally dull but was fully oriented and showed no gnostic or 
speech disturbances. 

Laboratory Data. Roentgenograms of the skull showed a hyperostosis frontalis interna, also 
atrophy of the sella turcica, indicative of increased intracranial pressure. Electroencephalo- 
graphic studies revealed evidence of a generalized disturbance with definite abnormalities in 
the distribution of the anterior cerebral arteries bilaterally, more on the right than the left. 
This was thought to be compatible with a deep-seated frontal lesion, though the pattern was 
also in keeping with vascular changes in the areas supplied by these vessels. As a further diag- 
nostic aid, ventriculography was performed, revealing a displacement of the ventricular sys- 
tem to the left, with downward displacement of the anterior horn on the right (Fig. 1). These 
findings pointed to a tumor in the right frontal lobe. 

Operation 1. On April 25, 1946, under avertin endotracheal anesthesia, a right transfrontal 
craniotomy was performed. An encapsulated neoplasm, evidently meningeal in origin, pre- 
sented itself at the tip of the frontal pole. It extended from the inferior margin of the falx to 
the superior longitudinal sinus. Through a small hole in the falx, normal brain could be visual- 
ized on the opposite side, indicating that the tumor did not pass beyond the midline. It was 
completely removed, as was also an area of hyperostosis. 

Histology. Microscopic examination (Fig. 2) revealed a parenchymatous meningioma. The 
tumor consisted of elongated and polyhedral cells with oval vesicular nuclei closely packed 
and showing a parallel arrangement. Occasional deeply stained nuclei were present. Some 
whorl formations were also noted. There were numerous venous sinuses throughout the tumor. 
Sections stained by the Van Gieson method showed a smal] amount of connective tissue, peri- 
vascular in distribution. Examination of the hyperostosed bone overlying the neoplasm 
showed that the growth had extended into it (Fig. 3). 

Course. The postoperative course was not unusual until the 6th day, at which time an ac- 
cumulation of fluid under the scalp at the site of the flap was noted. This was aspirated and 
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Fia. 1. Ventriculogram showing displacement of the ventricular system to the left. 
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Fia. 2. Structure of meningioma removed at operation 1. (Hematoxylin-eosin, 200.) 
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about 50 cc. of blood-tinged cerebrospinal fluid withdrawn. Reaccumulation of fluid occurred 
quite rapidly, necessitating further aspiration. Except for persistence of the apathy, her neu- 
rologic status remained unchanged. About 2 weeks following operation, her temperature sud- 
denly rose to 104°, Examination of the fluid underneath the scalp flap revealed no evidence of 
infection. On penicillin and sulfadiazine therapy, she rapidly became afebrile and was dis- 
charged, to be followed as an ambulatory patient. 

She was again examined about a month later on June 24, 1946. Mental deterioration was 





Fia. 3. To show extension of tumor tissue into bone. (Hematoxylin-eosin, X 100 ) 


quite apparent. She was dull, disoriented, and incontinent of urine and feces. There were no 
abnormal findings on neurologic examination, however, and the optic nerve heads did not 
appear swollen. The presence of fluid under the operative site was again noted. What factor 
was operating to produce this clinical picture was not at all clear. The question of early card- 
iac decompensation had, in the meantime, been raised by another physician and digitalis 
therapy instituted. It seemed most reasonable to observe the patient further for any possible 
new developments. 

Her condition did not alter appreciably during the next 6 weeks. Then further evidence of 
progression appeared. Spontaneous speech became considerably reduced. Only monosyllabic 
replies to persistent questioning could be obtained. A peculiar disturbance of gait was ob- 
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served. Though there was no overt weakness, she would make no effort to walk when urged 
to do so. With help, she would hesitantly take a few short steps and immediately thereafter, 
walk or fall backwards. Quite clearly there was an apraxia of gait and a tendency to retropul- 
sion. In addition, there was noted a bulging of the bone flap, early papilledema and a suspi- 
cious extensor plantar response on the left. There was no doubt now that the patient was 
suffering from increased intracranial pressure and she was readmitted to the hospital. Her 
condition rapidly took a turn for the worse. She became exceedingly drowsy with stertorous 





Fig. 4. Ventriculogram taken prior to operation 3. Shift of ventricular system to the 
right. Outline of previous bone flap is visible. 


respirations. Of necessity operation was undertaken before further studies could be carried 
out. 

Operation 2. On Aug. 10, 1946, the right frontal flap was reelevated, disclosing a large 
subdural collection of fluid. When this had been evacuated, the region was thoroughly ex- 
plored but no tumor found. The wound was closed, leaving a drain in place. 

Course. At the close of the operation, the patient was much more alert and continued to 
improve for the next day or two. Following the removal of the drain, however, fluid began to 
accumulate again over the operative area, and with this, mental torpor once more became 
progressive. The possibility of a second tumor located elsewhere in the brain, which had been 
a remote suspicion all along, was now more seriously entertained. Pneumencephalography 
was repeated, disclosing a marked shift of the ventricular system from left to right (Fig. 4). 
This established the diagnosis of an expanding lesion on the left side. 

Operation 3. A left transfrontal craniotomy was performed on Aug. 17, 1946. Evidence of 
a deep tumor was seen in the prefrontal region inferiorly. The convolutions in this area had 
a yellowish discoloration and were widened and flattened. Aspiration through a brain cannula 
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yielded 20 ce. of thick, gelatinous, yellow fluid. A cortical incision was made in the middle 
frontal gyrus and a soft, pink, infiltrating tumor encountered deep in the white matter. It 
appeared to extend toward the inferior frontal convolution and posteriorly towards the motor 
area. Specimens were removed for biopsy and the wound was closed after allowing for a gener- 
ous decompression. 

Histology. The tumor was not uniform in appearance. In general the degree of cellularity 
was not marked, though this was variable in different areas. Astrocytes, mainly of the fibril- 
lary variety, dominated the field in a number of sections. Other regions of the tumor showed 
considerable pleomorphism. Spongioblasts, giant cells, gemistocytes with one or more nuclei, 
as well as cells of varying shape and size with irregularly deeply staining nuclei were seen (Fig. 
5). Mitotic figures were encountered, though infrequently. Blood vessels were prominent and 





Fic. 5. Pleomorphism and giant cell formation in the vicinity of an area of hemorrhage. Structure is that 
of a glioblastoma. (Hematoxylin-eosin, 200.) 


showed considerable adventitial and endothelial hyperplasia (Fig. 6). There were numerous 
recent hemorrhages. The histologic features were those of a glioblastoma multiforme. 

Subsequent Course. Radiation therapy was administered following operation. No improve- 
ment occurred, and the patient expired on Oct. 25, 1946. Unfortunately, permission for autop- 
sy could not be obtained. 


COMMENT 


Both the gross and histologic appearance of the tumor removed at the initial operation 
were perfectly typical of a meningioma. It consisted of an encapsulated mass, sharply demar- 
cated from cerebral substance and adherent to dura. Microscopically the tumor revealed a 
highly cellular structure. There was a small amount of connective tissue about blood vessels. 
Some whorl formation was evident, though this was not a pronounced feature. The cells were 
fusiform and polyhedral in shape, with oval, vesicular nuclei containing a moderate amount 
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of chromatin. There was an abundance of cytoplasm, finely granular in character. Cell bound- 
aries were not sharply defined. Typical of the behaviour of a meningioma, there was extension 
of the tumor tissue into the adjacent bone. 

The gliomatous tumor, though displaying a predominantly astrocytic structure in some 
regions, elsewhere showed features indicative of a glioblastoma multiforme. It possessed a 
large cyst containing glairy yellow fluid such as one frequently finds in an astrocytoma. Histo- 
logic examination of the areas rich in astrocytes showed a sparse to moderate degree of cellu- 
larity. These cells were characteristically stellate with round or oval nuclei eccentrically 
placed, and containing varying amounts of chromatin distributed in a meshwork of intercellu- 
lar tissue. Other sections of the tumor showed considerable variation. There was a much great- 
er degree of cellularity and of pleomorphism. The cells were of varying size and shape with 





Fig. 6. Section from glial tumor showing an area of vascular hyperplasia and 
proliferation. (Hematoxylin-eosin, X 100.) 


nuclei which, in general, stained more deeply. Giant cells were not infrequently seen and mi- 
toses, though not common, were observed. Plump astrocytes and spongioblasts were also in 
evidence. Blood vessels were numerous and revealed a good deal of hyperplasia and prolifera- 
tion. There was also a considerable amount of hemorrhage. These findings substantiated the 
diagnosis of a glioblastoma multiforme. 

The clinical course of this case merits some comment. The peculiar picture this patient 
presented following removal of the first tumor gave rise to a good deal of speculation. It was 
difficult to explain the persistent accumulation of cerebrospinal fluid at the operative site. 
Aspiration was promptly followed by a recurrence, until this practice was abandoned for fear 
of eventually introducing an infection. The possibility that another tumor might provide the 
basis for this unusual situation was, of course, not appreciated then. However, when, with 
the passage of time, the patient failed to show improvement, but, on the contrary, her condi- 
tion steadily deteriorated, the necessity for further investigation was clearly apparent. When 
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recurrent signs of increased intracranial pressure finally made their appearance, the suspicion 
of another expanding lesion became a reality. The likelihood of a recurrence at the original 
site seemed remote. Not only was the time interval much too short but the sequence of events 
was not that which one ordinarily associates with a recurrence. The clinical picture had not 
been that of temporary improvement followed by the reappearance of symptoms. As indi- 
cated in the protocol, the reelevation of the original flap was performed as a life-saving mea- 
sure. The critical condition of the patient constituted its sole justification. One other possi- 
bility was seriously considered. Since the tumor was attached to, and appeared to take origin 
from the falx, the question arose whether it might not have extended across the midline. As 
pointed out by Cushing and Eisenhardt,‘ Olivecrona” and Horrax,* meningiomas arising from 
the falx are often bilateral. The fact that, at the time of the original operation, the mesial as- 
pect of the left cerebrum had been visualized through an opening in the falx and found free of 
tumor was strong evidence against this supposition. The pneumencephalographic demonstra- 
tion of a left-sided tumor, followed by the disclosure at operation of an infiltrating glioma, 
finally resolved all doubt. 

Among the symptoms presented by the patient, the disturbances of station and gait were 
particularly striking and deserve recapitulation. In spite of the fact that she could freely 
move all her limbs, she showed no inclination to arise from a sitting position. When helped to 
her feet, she made no attempt to walk, even with repeated urging. With support, she might 
haltingly take a few short steps and immediately thereafter, retrace her steps or fall or run 
backwards. Undoubtedly these phenomena represented an apraxia of gait, such as has been 
described in frontal lobe disease by a number of authors and especially by Gerstmann.® 


SUMMARY 


A case is presented in which two intracranial tumors of varying origin were found. One 
was a meningioma which probably arose from the falx, the other a glioblastoma multiforme. 
The meningioma was situated anteriorly in the right frontal region. The glioma was located 
in the left frontal lobe. 

The authors wish to acknowledge the help of Dr. Harry Zimmerman, Dr. Charles Davison 
and Dr. Margaret Rheinberger in the preparation of this paper. 
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STERILE OPERATING LAMP 


FREDERIC SCHREIBER, M.D.,* anb C. J. SHutTTLEWorRTH 
(Received for publication December 2, 1946) 


This lamp has been found useful in such neurosurgical procedures as operations on pitui- 
tary, pontile angle and spinal tumors, or ganglionectomies, where a bright adjustable light is 
needed in a small deep cavity. The lamp is so constructed that it can be fixed to the operating 
table and manipulated by the surgeon. The plastic bar which carries the light beam can be 
sterilized in an aqueous solution, such as oxyeyanide of mercury. A sterile cloth sleeve is 
draped over the metal standard for each operation. The lamp was designed and built in the 
Research Department of The Detroit Edison Company.t 





Fic. 1. Operating lamp with plastie bar in place. 


In Fig. 1 it will be seen that the lamp is constructed of four main parts: The standard, I, 
which is attached to the rails of the operating table and contains a transformer; the trans- 
verse tube, IT, that forms the adjustable support; the lamp head, III, containing the light 
source and optics; and the plastic light-conducting bar, IV, which brings the light beam to the 
work area and also forms the sterilized handle by means of which the beam may be controlled 
by the surgeon while the lamp is in use. This part is sterilized before each operation and also 
in case of accidental contamination. 


* 10 Peterboro Street, Detroit 1, Michigan. 
{+ Manufactured by B. C. Wills and Company, 666 East Columbia Street, Detroit 1, Michigan. 
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The standard consists of a steel case that encloses the transformer and is fitted with a 
panel on which is mounted the control switch, A, and supply cord connection, B. At the rear 
of this case is the milled fitting that slides along the table rails and has a set screw, C, that per- 
mits the lamp to be locked in the desired position. On the top of the case the swivel joint, D, is 
attached by an extension flange so that the knee, E, is 15 inches above the table rails. The 
transformer is of 25 watts rating and furnishes the 73 volt supply to the bulb from the 120 
volt circuit. 

The transverse tube is 25 inches long and is attached to the knee of the standard by an- 
other swivel joint, F, so the motion of the bar is fully universal. Each swivel is equipped with 
a stop to prevent more than a complete revolution, thus protecting the internal wiring from 
damage due to twisting. 

All of the joints have friction linings and are fully adjustable to compensate for wear, but 
these adjustments are very seldom necessary and are used only to maintain or change the 
desired frictions at the motion points. 

The lamp head, like all the other tubular members, is of 1} inch aluminum alloy tube, and 
is joined to the transverse tube by a trunnion shaft that passes through the spherical bulb 
housing. Holes for ventilation have been drilled in such a manner that a direct view of the 
filament is not possible, but no attempt has been made to produce light-tight baffles. A Mazda 
bulb, No. 1130, is the light source. It is rated at 21 candle power at 6 volts, but is used at a 
higher voltage in order to yield more illumination. The upper limit of the rating is 8 volts; 
the bulb is run at 73 volts with some sacrifice in bulb life. However, the bulb socket is mounted 
in the side tube, G, of the lamp head by means of a bayonet lock so that in event of bulb fail- 
ure, replacement is a matter of seconds, no tools are required, and satisfactory alignment is 
automatic. 

The optical system consists of a crown glass planoconvex lens of 5/8 inch radius and a 
spherical reflector of optically worked aluminum of 13/16 inch radius. The light pattern from 
either of these components is an image of the coiled filament, but the sizes of the projections 
are different so that the dark spaces of one image are lighted by the other and satisfactory 
illumination over the entire field is achieved without additional projection lenses. Both ele- 
ments are placed in a cage that may be moved in relation to the bulb by an external focusing 
knob, K. No change in focus is needed as the lamp is being used; the adjustment is merely to 
accommodate different bulbs in case these are not pre-selected. 

A disk of { inch Solex heat-absorbing glass is placed in the lamp head between rows of 
ventilating holes. This glass has a broad transmission peak at 5,000 Angstrom units and re- 
moves most of the red and nearly all of the infra-red, thus protecting the end of the plastic bar 
from the heat of the source and enhancing the visual contrast of the illumination at the wound. 

The transparent light-conducting bar, 1} inches in diameter, has a prismatic termination 
so the beam leaves the bar at 45 degrees to the main axis and normal to the surface at the 
point of exit. This system is not to be confused with the so-called light-piping schemes in 
which only scattered light leaves the end of the conductor bar. With this design a beam of high 
intensity may be projected and is evident many feet beyond the end of the bar, even in a room 
with normal daylight illumination. The bar, which is of methyl methacrylate, is held in a 
collet chuck at the end of the lamp head by means of a machined recess in such a manner that 
it may be rotated as well as used as a handle to adjust the complete lamp. Before use, the bar is 
sterilized and then placed in the chuck. Manipulation of the bar gives the surgeon complete 
control over the illumination during the entire operation. 








A NEW COMBINED PERFORATOR AND DRILL 


Joun T. B. Carmopy, M.D.* 
(Received for publication December 10, 1946) 


Turning down a bone flap has always been a time-consuming part of 


any intracranial 


operation. The average drill outfit consists of a perforator and one or more ball burrs which are 
used in successive steps. For some time it has been our opinion that a single instrument could 
he used to carry out these maneuvers in one step with a considerable saving of time and effort. 
As a result, cutters of various designs were 
tried out and finally the one illustrated (Fig. 1) 

















was found to be most efficient. 

During the past ten months, this combined 
type of burr has been used by several neuro- 
logical surgeons, most of whom have been en- 
thusiastic about 


its advantages. The main 
criticism of the burr has been that it contains 
no guard and therefore is liable to puncture 
through into the cranial cavity. Any perforator 
is potentially dangerous in this respect and cer- 
tainly there is no greater hazard with this than 
with any other type of perforator. 

The advantages of the burr are:t 

1. The burr is made of high-grade tool steel 
which retains its sharp cutting edge much 
longer than the average instrument of a similar 
type on the market today. The efficient cutting 
edge may be maintained for a longer interval 
by sterilizing with any of the usual solutions 
rather than by boiling. 

2. The design of this burr is such that it 
will not remove bone wax in the course of 
drilling as all spirally shaped burrs will do. 

3. The time element in drilling is cut to 
one-third by simply lessening the number 


of manipulative steps. Occasionally, at the 

Fig. 1. Showing a side and front view of the lower poles of the flap, it is necessary to ream 
burr (actual size). out the craniotomy opening by a ball-type 

, burr due to the angle necessary for passing 


the saw guide. 


* 340 Main Street, Worcester, Massachusetts. 


} This burr is manufactured by John Bath & Company, Worcester, Massachusetts, and is designed 
to fit the average Hudson type drill. It may, however, be made to fit any type drill on individual specifica- 


tions. The cost of the burr is fifteen dollars. 
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A SIMPLE METHOD OF MAKING PHOTOGRAPHIC RECORDS UNDER 
STERILE CONDITIONS 


Franc D. INGraAnaAm, M.D., anp Cutty A. Coss, Jr., M.D.* 


Neurosurgical Service, The Children’s Hospital, and the Department of Surgery, Harvard 
Medical School, Boston, Massachusetts 


(Received for publication March 23, 1947) 


The great value of permanent graphic records of surgical procedures and of pathological 
conditions exposed at operation has long been recognized. Drawings and photographs are not 
only a valuable part of the hospital record but are especially useful in collecting material for 
classification, study, and teaching. Harvey Cushing made pen and ink sketches as a part of 
each operative note, and these are studied today with the greatest of interest by the fortunate 
members of a later generation who have access to the records of his patients. Not all surgeons 
are so gifted, nor are the services of an artist usually readily available, but the development of 
photographic methods now makes it possible to record the important findings at most opera- 
tions without loss of time. Routine use of photography is seen in very few clinics, however, 
and good photographs form a part of relatively few operative notes. We wish to point out the 
special requirements in surgical photography and to present a device that offers a simple 
solution to the problem. 

Certain unalterable factors may make surgical fields difficult photographic targets. The 
exposure is often limited, and the point of chief interest may be deeply situated where lighting 
is poor. The color of the tissues may be rather uniform and structures in many surgical fields 
are in constant motion so that long exposures are impractical. Apparatus brought within sev- 
eral feet of the operative field must be entirely sterile, and finally, the perfect field for a photo- 
graph may appear suddenly and may be available for only a very short time. 

Photographers usually make pictures of small objects by extending the lens of a view 
camera beyond its normal position, providing adequate depth of field by using very small 
apertures in the iris diaphragm. To make such exposures with lighting comparable to that of 
the ordinary operating room an exposure time of several seconds is required. The limitations 
of this technique are evident: a trained photographer must be available; the camera must be 
mounted firmly in a position above the operative field; slight loss of detail due to motion must 
be anticipated. Despite these drawbacks the best surgical photographs have been made in 
essentially this way. 

The modern development of fine grained films, both black and white and full color, makes 
it possible to provide useful detail in a negative as small as the 35 mm. frame. The use of this 
type of film has allowed the development of a series of cameras having much greater flexibility 
than the ordinary larger ones. The basis of this difference lies in the greatly increased depth of 
field that characterizes lenses of short focal length in contrast to ordinary photographic 
lenses. Thus in ordinary photography a diaphragm opening of f-4.5 may provide a depth of 
field of several feet when a nearby object is photographed with a 50 mm. lens. A similar dia- 
phragm opening in a camera having a focal length of 150 mm. and exposing a negative 3} by 
4; inches in size will produce a photograph having a depth of only a few inches. This discrep- 
ancy becomes greater as the subject is approached more closely and the miniature camera is 
at a great advantage when the subject is as small as a surgical field. 

Small objects can be photographed with miniature cameras by adding simple positive 
lenses called “portrait attachments.” A photograph of a field about 6 inches square can be 
made at a diaphragm opening of f-6.3 with a depth of focus of about 2 inches. When such a 
field is illuminated by the light of an operating room, an exposure time between 1/50 and 1/10 
seconds will give negatives of correct density with films of various speeds. The camera can be 


* Resident in Neurosurgery, The Children’s Hospital, and Assistant in Surgery, Harvard Medical 
School, Boston, Massachusetts. 
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supported by hand but must be at the proper distance from the field. 

The container described below was designed with the hope of providing inexpensive equip- 
ment which could be included in an ordinary surgical kit. Its outer surface is entirely sterile 
and available to a member of the normal operating team throughout the operation. It is sim- 
ple enough so that the services of a trained photographer are not required. It provides for the 
use of both black and white and full color photographic films. 

The device shown in Fig. 1 can be used with several miniature cameras. It consists of a 
flexible container attached to a rectangular metal frame containing a transparent window. 


a 





Fic. 2. Extirpation of a meningioma, 


The camera is firmly attached to the inner surface of the frame. A fixed rod determines the 
distance between the object and the lens. We have used it with a Kodak Bantam Special 
Camera having a 45 mm. lens to which a standard 3 diopter portrait lens is added. With the 
camera set at 3 feet the field is in focus at a distance of about 10 inches. Before it is placed in 
the sterile container the camera is loaded and the shutter speed and diaphragm are adjusted. 
The camera is then attached to its metal support by a circulating nurse (Fig. 1 a and b) and 


Fic. 1. Insertion of camera into sterile cover. (a) The sterile cover held in position for receiving the 
camera. (b) The camera is attached to its metal support. (c) The cover is reflected over the camera, its 
external surface remaining sterile. (d) The open end of the container is tied tightly. (e) The apparatus as- 
sembled and in position for use. (f) The camera ready for use as part of the operating kit. (g) The camera 
in use. (Operation: tantalum cranioplasty) 
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the container is closed (Fig. 1 ¢ and d). The shutter can then be cocked and released through a 
finger-shaped insert in the side of the container and the film can be wound through the flexible 
material, The position of the camera is adjusted by means of the rod, the tip of which lies in 
the plane of the sharpest focus and is placed just outside the picture at the center of one edge 
(Fig. 1 g). A rectangle about 6 by 8 inches is photographed. 


i all 





Fic. 3. The exposed brain covered with a sheet of fibrin film. 


Photographs are taken without any change in the lighting usually provided for the opera- 
tion. In the examples shown, 4 100 watt Castle Lights were used and the camera was set at [-8 
and 1/25 second for Kodak Plus-X film. It is a simple matter to alter the exposure for other 
types of lighting by the use of one of the inexpensive exposure meters of the type used in 
taking snapshots. 

We have included this apparatus in the instrument kit for all major neurosurgical opera- 
tions during the past two years. It is easy to use and has provided satisfactory records of sur- 
gical fields and specimens immediately following removal. Fig. 2, Fig. 3 and Fig. 4 show exam- 
ples of operative fields thus taken. Much additional information is contained in full color 
photographs and our results with color have proved at least as satisfactory as those with 
black and white films. 
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Fic. 4. The fresh specimen. 
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CORRESPONDENCE 
THE POSTERIOR TIBIAL REFLEX 


To the Editor:—In this Journal (1946, 3: 457-459), R. M. P. Donaghy concludes an 
article bearing the above title as follows: ‘1. A reflex of some value in the localization of pro- 
truded discs in the lumbar region has been isolated. 2. The manner of its elicitation has been 
described.” Dr. Donaghy does not refer to any literature, but it is of historic interest to men- 
tion that this posterior tibial reflex was described—apparently for the first time—in 1875 by 
Wilhelm Erb (Ueber Sehnenreflexe bei Gesunden und bei Riickenmarkskranken. Arch. 
Psychiat. Nervenkr., 1875, 5: 792-802). M. Sternberg, in his classic monograph on reflexes 
(Die Sehnenreflexe und ihre Bedeutung fiir die Pathologie des Nervensystems. Leipzig & 
Wien: F. Deuticke, 1893), lists this reflex on page 14. S. Schoenborn (Bemerkungen zur klin- 
ischen Beobachtung der Haut- und Sehnenreflexe der unteren Kérperhiilfte. Disch. Z. Nerven- 
heilk., 1902, 21: 273-295) found a positive posterior tibial reflex in 22 per cent of normal 
persons by tapping the tendon of this muscle. E. Trémner (Uber einen neuen Fussreflex 
(Malleolarreflex). Neurol. Zbl., 1910, 29: 528-530) described reflex contraction of the posterior 
tibial muscle on tapping the lateral malleolus as a “purely periosteal reflex.’ But in subse- 
quent works (1913, 1923) he mentioned the elicitation of this reflex by tapping its tendon. 
Gaston Aymés, in 1927 (Le réflexe du jambier postérieur. Marseille méd., 1927, 2: 253-261) 
devoted a special article to this reflex and discussed at length the technique of its elicitation, 
with illustrations. The spinal segments of this reflex are, according to Aymés, L-5, S-1 and 
5-2. He was particularly interested in the value of this reflex in pyramidal lesions. O. Foerster 
(Die Kriegsschiidigungen des Riickenmarks, in O. von Schjerning’s Handbuch der iirztlichen 
Erfahrungen im Weltkriege 1914/1918. Leipzig: J. A. Barth, 1922, 4: part 1, p. 268) observed 
reflex contraction of the tibialis posterior muscle on elicitation of the reflex of the tibialis 
anterior muscle. In my book on reflexes (The examination of reflexes. A simplification. 
Chicago: Year Book Publishers, Inc., 1945, p. 149), this reflex is briefly mentioned. As did 
Dr. Donaghy, I, too, found that it is difficult to elicit this reflex in a normal person. 

Ropert WartTeNBERG, M.D., San Francisco 
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THE REPLACEMENT OF FREE BONE PLATES IN 
ROUTINE CRANIOTOMIES* 


BRONSON S. RAY, M.D., ann HERBERT PARSONS, M.D. 
Department of Surgery, New York Hospital, Cornell University 
Medical College, New York 


(Received for publication February 3, 1947) 


VER since 1889 when the first osteoplastic bone flap was made and 
described by W. Wagner,’ it has been the customary practice of most 
neurosurgeons while turning a bone flap to preserve the attachment 
of the bone to the temporal muscle and pericranium.?° Many exceptions to 
this method have been made and reported, but the routine use of free bone 
plates, completely separated from dura, pericranium, and muscle, and their 
replacement in the ordinary craniotomy, has not been thoroughly evaluated. 

In 1935 Naffziger® discussed 4 cases in which free bone plates containing 
tumor were boiled and replaced. In 1939 Grant and Norcross* in an extensive 
review of the repair of cranial defects by cranioplasty emphasized the use 
of osteoperiosteal grafts from the outer table of the skull. In 1941 Boldrey 
and Cone! reported the use of the “free bone flap osteoplastic craniotomy” 
in a selected series of 50 cases, and indicated that they were using it in an 
increasing number of cases. 

Several years ago we first began to replace revised free bone plates in 
vases in which the skull was involved by tumors such as osteomas and men- 
ingiomas and in which discarded bone would have left unsightly defects. The 
bone was treated in the manner described by Naffziger;> the greater portion 
of the tumor was chiselled off, and the plate was boiled for periods varying 
from 3 to 10 minutes and immediately replaced. It soon became apparent 
that there was a number of advantages to be gained by the use of the free 
bone plate in routine craniotomies provided there were no undesirable post- 
operative complications, and the method was put into practice. A sufficiently 
long time has now elapsed to permit a reliable evaluation of the prodecure. 

The method has been employed in all parietal and occipital craniotomies 
and in a few cases in which exposure of both frontal lobes was desired. How- 
ever, in the usual unilateral frontal exposures the scalp is separately re- 
flected toward the brow and the bone plate left attached to temporal muscle 
as a means of anchoring the muscle when the wound is closed. In some cases, 
in order to enlarge the cranial opening for additional exposure, free plates of 
bone have been used. The method has not been employed in any suboccipital 
operations. 

In outlining the scalp flap it has frequently been advantageous, particularly for obtaining 
exposure near the midline, to use angulated or at least only slightly curved rectangular flaps 


* Presented at the meeting of the Harvey Cushing Society, October 12, 1946, Boston, Massa- 
chusetts. 
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because of the ease of extending the exposure across the midline and converting the incision 
from an inverted “U” shape into an “H’”’-shaped one. There has been no difficulty with slough- 
ing of the corners of the flaps provided the main arterial supply has been preserved. The in- 
cision is carried down through the scalp, muscle, and pericranium to the skull, and the entire 
soft tissue flap including the pericranium is rapidly separated from the bone and reflected 
downward on its pedicle. Burr holes are then made at appropriate intervals. Holes that are 
situated in the forehead or beneath a portion of the scalp not covered by hair are usually made 
with the trephine so that the bone-buttons can be preserved and replaced at the end of the 
operation. The bone between the holes is cut through with the Gigli wire saw. The last cut is 
made between the 2 lowest holes in the temporal region since this is the site at which there may 
be troublesome bleeding from meningeal arteries. This last saw cut is not quite completed, a 
small bridge of bone being left in the center of it to hold the almost free bone plate in position 
while pairs of small drill hole sites, usually 2 or 3, are marked in the outer table of the skull at 
appropriate points for suturing the replaced plate. Then, the remaining small bridge of bone is 
easily broken across as the plate is elevated from the dura, and removed together with the 
wire saw and guide which were left in place under the bridge of bone. The bone plate is then 
preserved in moistened sterile gauze until time to replace it. 

If a decompression is desired, additional bone is removed or a part of the plate cut away. 
After the intracranial portion of the operation is completed, the small drill holes which were 
marked at the periphery of the plate and at the margins of the skull defect are carried through 
the full thickness of the bone and the plate is anchored in place with silk or wire sutures. The 
bone-buttons, if any have been cut, are replaced and the soft tissue flap is pulled back in posi- 
tion and sutured in layers. 

RESULTS 

The following is a review of 100 consecutive cases in which free bone 

plates have been employed (see Table 1). 


Immediate Replacement of Normal Bone 


Of the total 100 cases, 89 were ones in which normal bone plates were 
immediately replaced at the close of the initial operation; included are 4 
cases in which there were large bifrontal plates. Of the group there were but 
3 cases in which there was a sufficient postoperative complication to neces- 
sitate the removal of the plate at a subsequent operation. In 1 of these the 
wound became infected and the plate was removed to avoid osteomyelitis 
and insure quick healing. In the other 2 the original craniotomy had been 
performed for chronic subdural hematoma, and in 1 (a patient with blood 
dyscrasia) the plate was sacrificed after evacuation of postoperative extra- 
dural and subgaleal clots, while in the other the plate was removed for 
decompression purposes when it was necessary to evacuate a recurrent sub- 
dural clot. In the latter case the boiled plate was replaced at a later date. The 
last 2 cases were the only ones in the entire series requiring reopening of the 
wound because of postoperative hematomas. 

In 1 case of this group a free bone plate was replaced after drainage of an 
unexpected brain abscess and even though purulent drainage went on for 
some time at the margin of the plate, no osteomyelitis ensued and the bone 
remained viable. 

In 2 cases of this group superficial infections developed in the wound 
which required some days of open drainage but in neither was there infection 
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of the bone or necessity for removing the plates. In a considerable number it 
was necessary to aspirate fluid from beneath the soft tissue flap for a few days 
in the immediate postoperative period but the impression was gained that 
this was less of a problem than it has been in the average case in which a 
metal plate has been used to close a cranial defect. 


TABLE 1. Results of replacement of free cranial plates in 100 cases 
(Six months to five years follow-up) 


Immediate replacement normal bone (including 4 bifrontal plates) 89 
Plates retained 86 
Plates removed 
Because of wound infection I 
Because of subdural hemorrhage 1 
Because of extradural hemorrhage yy 
Delayed replacement boiled normal bone 3 
Plate retained iy 
Plates removed 
Because of atrophy l 
Because of osteomyelitis 1 
Immediate replacement boiled osteomatous bone 3 
Plates retained 3 
Immediate replacement boiled hemangiomatous bone 1 
Plate retained 1 
Immediate replacement boiled meningiomatous bone t 
Plates retained 2 
Plates removed 
Because of atrophy I 
Because of osteomyelitis l 
100 


* Same patient. 


Delayed Replacement of Boiled Normal Bone 


There were 3 cases of the 100 in which a normal bone plate was removed 
at the end of an operation requiring a large decompression and in which the 
bone was boiled and replaced at a later date. The replacements were made at 
intervals varying from 2 weeks to a month after the initial operation and the 
outcome is of considerable interest. In one (Fig. 1) the bone plate was re- 
tained, except for slight absorption, without any further difficulty. In 
another the bone plate was gradually absorbed, the remnants removed, and 
the defect in the skull repaired with a vitallium plate. In the third case, an 
osteomyelitis developed, the bone plate was removed, and at a still later 
date, after the infection had subsided, the defect in the skull was repaired 
with a tantalum plate. 
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Fic. 1. (LF., 403853, 28 yrs., female) On Jan. 8, 1945 a right subdural hematoma was partially 
evacuated through burr holes, and on Jan. 20, 1945 completely evacuated through a right parietal 
craniotomy. On Jan. 22, 1945 a recurrent subdural clot was evacuated and the bone plate removed for 
decompression. On Feb. 24, 1945 (33 days after its removal) the bone plate was boiled for 5 minutes and 
replaced. Left, postoperative roentgenogram Mar. 5, 1945. Right, roentgenogram Oct. 17, 1945 (8 months 
postoperative). Follow-up examination June 18, 1946 showed the plate to be solid. 


Immediate Replacement of Boiled Osteomatous Bone 
There were 3 cases of the 100 in which bone plates were removed con- 
taining osteomas, the osteomas chiselled off, the remaining bone plates 
boiled for periods from 33 to 10 minutes, and replaced ‘at the same operation. 
There were no complications in any of these and they have been examined 
periodically during the 3 to 5 years postoperatively (Fig. 2). It is unlikely 





Fia. 2. (M.L.G., 222696, 9 yrs., female) On Nov. 4, 1940 a large left frontal osteoma was removed 
with a bone plate, the osteoma chiselled off, the plate boiled for 3} minutes and immediately replaced. 
Left, postoperative roentgenogram Nov. 11, 1940. Right, roentgenogram Nov. 6, 1945, 5 years after 
operation, showing good bony union. 
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that boiling is necessary in such cases to prevent recurrence of the bony 
growth but in 1 of the cases the diagnosis was not determined until after 
permanent sections of the tumor were examined and the boiling provided a 


safeguard against recurrence. 
Immediate Replacement of Boiled Hemangiomatous Bone 
‘There was a single case in which an hemangiomatous plate was boiled for 
8 minutes and immediately replaced. 
Immediate Replacement of Boiled Meningiomatous Bone 


There were 4 cases of the 100 in which free bone plates invaded by 
meningioma were boiled and replaced at the same operation. In 1 of the 





Fic. 3. (N.N., 370958, 18 yrs., male) In November 1943 a meningioma of the right occipital region 
was removed. Tumor invading a part of the bone plate was excised. The plate was boiled for 5 minutes 
and immediately replaced. These roentgenograms were taken 4 months postoperatively and show sur- 
vival of the part of the plate uninvelved by tumor. Examination 1 year postoperative showed no change. 


vases (Fig. 3) recovery was uncomplicated and examination at the end of a 
year showed no evidence of recurrence of the tumor or of additional changes 
in the replaced bone plate. Another of the patients was readmitted to the 
hospital 13 years later with another disease, died, and at autopsy was found 
to have some regrowth of the deep portion of her meningioma, but the 
replaced portion of boiled bone was in good condition and free of tumor. In 
the third case (Fig. 4) a large portion of a temporoparietal meningioma was 
excised before the bone plate was boiled and replaced, the periosteum and 
temporal muscle which were invaded by tumor had to be sacrificed, and there 
was a large defect remaining in the center of the plate. Within a year all the 
remaining portion of the bone had become absorbed and the cranial defect 
was repaired with a vitallium plate. There was no evidence of recurrence of 
the tumor when this was done. In the fourth case in this group, the frontal 
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Fig 4. (1.B., 236439, 55 yrs., male) On June 9, 1939 a large right frontoparietal intracranial men- 
ingioma was removed. Tumor extensively invading the bone plate was partially excised. The plate was 
boiled for 10 minutes and immediately replaced. Left, early postoperative roentgenogram July 5, 1939. 
Right, roentgenogram Dec. 8, 1939 (6 months postoperative) showing almost complete absorption of 
bone plate. The absorption caused no recognizable reaction of adjacent tissues and when the cranial 
defect was repaired with a vitallium plate Feb. 20, 1942, there was no discernible recurrence of the 
tumor. 


bone plate which had been replaced after boiling became infected along one 
margin and was removed 5 years after the initial operation. Later, after the 
infection had subsided, the defect in the skull was repaired with a tantalum 
plate. In this instance also there was no evidence of recurrence of tumor. 


Replacement of Multiple Bone Fragments 

There have been 6 cases in the series in which extra fragments of bone 
removed in order to increase the exposure have been replaced along with the 
principal bone plate. There have been no postoperative complications in any 
of these cases. In addition, during the period covered by this survey, mul- 
tiple bone fragments in non-compounded depressed skull fractures have been 
satisfactorily replaced but the number of cases is too few to permit any 
significant conclusions. 


Replacement of ‘“Bone-Buttons” 

In the past 3 years records have been kept of over 50 cases in which bone- 
buttons removed with the trephine have been replaced (Fig. 5). Trephined 
bone-buttons have been replaced when holes were so situated as to leave 
unsightly depressions. As a group the patients have not been followed suffi- 
ciently long to afford conclusions, but at least it can be said that there have 
been no complications resulting from this practice and in the cases studied 
the “buttons” have not atrophied. 

It has become apparent in this study that it is not necessary to preserve 
the blood supply to the bone plate when performing a craniotomy. In fact, 
it seems unlikely that it is necessary even to preserve the pericranium. In 
one patient with rhinorrhea due to a recurrent cerebrospinal fluid fistula, the 
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Fia. 5. (R.L., 427867, 41 yrs., female) In December 1945 a bilateral intracranial decompression 
of the orbits was performed for malignant excphthalmos. Left, early postoperative roentgenogram 


Jan. 17, 1946. Right, roentgenogram Oct. 7, 1946 (10 months postoperative) showing good survival of 
the bone-buttons, 


frontal pericranium which had been attached to the bone plate was used to 
repair the leak in the dura. The free bone plate was immediately replaced 
and covered with only a flap of galea and scalp. Subsequent X-rays (Fig. 6) 
taken 6 months later showed good survival of the bone plate, and at a later 





Fic. 6. (M.N., 448539, 22 yrs., female) In June 1946 a bilateral frontal craniotomy was performed 
for recurrent cerebrospinal fluid fistula which had been repaired elsewhere on 2 previous occasions. The 
pericranial flap was used to repair dura. The large free bone plates were replaced without pericranial 
covering. X-ray film taken in November 1946 (6 months postoperative) showed the bone plates to have 
the same appearance as before operation. 
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operation when the rhinorrhea recurred, the bone plate was found to be in 
excellent condition without evidence of pitting or absorption. 

In the follow-up studies it has not been possible to obtain serial roent- 
genograms in all of the cases but the findings indicate that in the majority 
of cases unboiled plates that are immediately replaced give the appearance 
at all times thereafter of being viable bone and often show bony union with 
the skull (Fig. 7). In some there has been moderate rarefaction of the plate 
and spotty absorption but such changes are always evident within the first 





Fic. 7. (J. DeN., 274278, 17 yrs., male) In March 1942 a left parietal craniotomy was performed for 
a convulsive disorder and a free bone plate was replaced immediately. The roentgenogram shown above 
was made in March 1943 (1 year postoperative) and shows good preservation of the bone plate. Addi- 
tional roentgenograms show no alteration in the appearance of the bone 4 years later. 


6 months after operation and are not progressive thereafter (Fig. 8). In one 
patient whose bone plate showed by roentgenogram a moderate degree of 
atrophy there was occasion to reopen the wound a year after the initial ope- 
ration and examine the bone plate. There were shallow pitted areas in both 
the inner and outer tables and other areas of rough granular surface but the 
contour, strength and gross consistency of the plate were not remarkable and 
it seemed to be nourished from tiny vessels growing in from both the dura 
and the extracranial soft tissues. 

The chief advantages of the use of the free bone plate over the customary 
osteoplastic flap are primarily technical. The wound can be more quickly and 
easily opened since the extracranial soft tissues are out of the way and the 
removal of the bone plate is unimpeded. In obtaining exposures near or 
across the midline of the skull smaller plates of bone can be removed than 
would otherwise be necessary if a large muscular attachment had to be left. 
It is easy to enlarge the exposure merely by cutting out another unattached 
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Fic. 8. (A.W., 298545, 16 yrs., female) In December 1942 a right parietal craniotomy was per- 
formed for a convulsive disorder, A free bone plate was replaced immediately. Left, postoperative roent- 
genogram January 1943. Right, roentgenogram November 1944 (2 years postoperative) showing moder- 
ate degree of atrophy of bone plate. The atrophy was not progressive and the bone plate was solid and 
painless. 


piece of bone and later suturing both pieces back in place. The problem of 
postoperative bleeding from the bone is abolished. Elimination of the oc- 
‘asional displacement of the bone from contraction of the attached temporal 
muscle gives a better cosmetic result, as does the use of replaced bone-but- 
tons. 

CONCLUSIONS 

The following conclusions are drawn from the study of 100 consecutive 
‘vases in which there has been immediate or delayed replacement of un- 
treated or boiled cranial bone plates. 

1. The use of free bone plates in routine craniotomies has technical 
advantages over the use of the classical osteoplastic flap. 

2. The survival of the free bone plate that is normal and immediately 
replaced compares favorably with that of the bone in the osteoplastic flap. 

3. There is no greater incidence of infection than in the osteoplastic flap. 

4. Postoperative bleeding from the bone plate is eliminated. 

5. Boiling the bone plate does not significantly increase its tendency 
to atrophy provided it is replaced immediately. 

6. The delayed replacement of boiled bone should be avoided since it is 
accompanied by an increased tendency for wound infection and atrophy of 
the bone. 

7. Tumor tissue in the bone plate can be killed by boiling but plates 
extensively invaded by tumor do not survive well when boiled and replaced. 
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ECTOPIC PINEALOMAS IN THE CHIASMAL REGION 


REPORT OF THREE CASES* 
GILBERT HORRAX, M.D., ano J. P. WYATT, M.D.+ 


Department of Neurosurgery, The Lahey Clinic, and the Pathology Department of the 
New England Deaconess Hospital, Boston, Massachusetts 


(Received for publication February 10, 1947) 


UR interest in the so-called ectopic pinealomas was stimulated some 

ten years ago by the autopsy findings in Case 1 of the present report. 

This patient was a young boy twelve years of age, whose outstanding 
symptoms were polydipsia and polyuria. X-rays of his skull, however, 
showed a large calcification in the pineal region associated with a pineal 
tumor. Death followed an exploration of the pineal region, and the patho- 
logic examination carried out by Dr. Louise Eisenhardt disclosed the cause 
of the boy’s diabetes insipidus. It was due to an extension of the pineal 
tumor through the floor of the third ventricle to invade the hypophysis. 

Since this original experience, we have had two further patients who have 
presented evidence of chiasmal lesions, and from whom at operation supra- 
sellar tumors of pineal origin have been removed. One of these patients like- 
wise had diabetes insipidus. In both instances the microscopic examination 
showed that the growth was a pinealoma of the so-called ectopic type. How- 
ever, as Dorothy Russell® has pointed out, it is probably better to regard 
most pinealomas as atypical teratomas, and this being the case the appear- 
ance of ectopic pinealomas in brain areas at a distance from the pineal region 
is more easily understood. This is undoubtedly true so far as some of the 
reported cases of ectopic pinealomas are concerned, but in at least one of our 
patients (Case 1) such an explanation would not be necessary since the tumor 
in the hypophysis was shown to have occurred by direct extension from the 
tumor in the pineal region along the floor of the third ventricle, and in an- 
other of our patients (Case 3) the chiasmal growth appeared subsequent to 
the operative removal of a primary pinealoma in the pineal region. It would 
seem likely, therefore, that this also was due to direct extension through the 
floor of the third ventricle, but as this patient subsequently died at his home 
and an autopsy was not obtained, no absolute verification of this assumption 
is possible. 

Dorothy Russell’s arguments for her belief that most pinealomas should 
be regarded as atypical teratomas are nevertheless well founded. She points 
out that if serial sections of pinealomas are made, they frequently show 
teratomatous areas, and also that pinealomatous areas have been found in 

* Presented at the meeting of the Harvey Cushing Society, October 12, 1946, Boston, Massa- 
chusetts. 

+ Research Fellow in Pathology, Pathology Laboratory, New England Deaconess Hospital, Boston, 


Massachusetts. 
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obviously atypical and typical pineal teratomas. The case reported by 
Bochner and Scarff! is an excellent example of the latter. A further feature 
is the resemblance of pinealomas to spheroidal cell carcinomas of the testis 
which are widely regarded as atypical teratomas (Harris and Cairns).* In 
this connection it is interesting to recall the case reported by Stowell, Sachs 
and W. O. Russell.?7 These authors described a primary intracranial chorion- 
epithelioma which they believed had developed from one component of a 





Fic. 1. Ventriculogram (Case 1). Large circular calcification in pineal region (A); ventricular 
dilatation; filling defect in posterior portion of 3rd ventricle (B). 


pineal teratoma and that the rapidly growing chorionepithelioma had de- 
stroyed the original tumor together with all normal tissue in the neighboring 
pineal region. 

From the clinical aspect there are numerous interesting features concern- 
ing the three cases we have to report. They are given in the chronological 
sequence of the dates when the patients came under observation. 

Case 1. P. P., a boy aged 12 years, was referred by Dr. Harvey Cushing and was admitted 
to the New England Deaconess Hospital on July 7, 1936. 

History and Present Illness. About one year prior to his admission the patient noticed that 
he was drinking large quantities of water and voiding similarly large amounts of urine. There 
was no change in his appetite. About the same time he began to have moderately severe 
frontal headaches coming once a week. Except for some modification of his polydipsia and 
polyuria as noted below, no essential change occurred in these symptoms until one month 
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previous to admission, when his headaches increased in frequency so that they came every 
other day, and were associated with nausea and vomiting. It was for these symptoms that he 
was referred for surgical treatment. He had lost weight and was greatly dehydrated when he 
came under our observation. 

The patient had been studied at the New Haven Hospital from Oct. 23, 1935, until Nov. 1, 
1935. At that time his blood pressure was 95/75, basal metabolic rate —21, and blood sugar 
74 mg. per cent. During the above period his fluid intake without pituitrin or pituitary powder 
averaged 3,350 to 4,625 cc. and his output from 4,100 to 4,350 cc. per 24 hours. When the 





Fig. 2. Median sagittal section of brain (Case 1) showing pineal tumor 
projecting into posterior aspect of 3rd ventricle. 


powder or pituitrin injections were given, however, his intake dropped to 500 to 1,800 cc. and 
his output to 800 to 1,900 ce. 

From the time of his discharge from the New Haven Hospital, Nov. 1, 1935, until his ad- 
mission to the New England Deaconess Hospital on July 7, 1936, his polydipsia and polyuria 
were said to have been adequately controlled by the pituitary powder. 

While at New Haven an air encephalogram had been performed and showed ventricular 
dilatation together with the calcification in the pineal region. No surgical measures seemed 
indicated at that time since no symptoms of increased intracranial pressure were present. 

Neurological Examination. The child was small for his age and obviously dehydrated in 
spite of the fact that he was drinking water and voiding almost constantly. He looked like a 
“little old man.” His skin was dry and slightly rough. His hair was normal in amount and 
distribution for his age. There was no pubic hair and his external genitalia were immature. He 
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was mentally alert and had done well in his school work. Fundi and fields of vision were 
normal. 

X-rays of the skull showed a circular calcified mass 11 by 12 mm. in two diameters in the 
region of the pineal body (Fig. 1). 

Operation. On July 8, 1936, the day following his admission, a ventriculogram was carried 
out. This disclosed greatly dilated lateral ventricles and a shadow projecting into the posterior 
portion of the third ventricle anterior to the area of calcification (Fig. 1). This was interpreted 
as a pineal tumor. 

Following the ventriculogram a right occipitoparietal craniotomy was performed and after 
incising the cortex down to the dilated lateral ventricle, an attempt was made to reach the 





Fic. 3. Low power photomicrograph of pinealoma surrounding 
calcification in pineal region (Case 1). 


tumor by this transventricular approach. The third ventricle was entered, and some supposed 
tumor tissue was removed, The calcification could not be identified. Microscopically the tissue 
that had been removed showed no tumor cells. 

The child reacted poorly from the operation and in spite of all that could be done, he died 
3 days later, on July 11. 

Pathological Studies. The brain was removed, placed in formalin solution and sent to Dr. 
Eisenhardt in New Haven. After suitable fixation a single median sagittal section was made 
to show the general relationships of the tumor (Fig. 2). 

Dr. Eisenhardt’s description of the main tumor mass in the pineal region was as follows: 
“On histological examination it is seen to consist largely of dense tissue that has undergone 
hyalinization and calcification, at one margin of which there is an extensive cellular area of 
looser structure. This is composed of large spheroidal cells with vesicular nuclei and conspicu- 
ous nucleoli, intermingled with groups of smaller lymphoid cells with round nuclei and scanty 
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cytoplasm (Fig. 3). There are occasional multinucleated cells and fairly numerous mitotic 
figures. Rare neuroglial ce!ls are seen. Masses of cells are separated here and there by connec- 
tive-tissue septa. Blood vessels are comparatively few in number. Some calcium deposits are 
present in this cellular area. 

“The growth is composed essentially of cells characteristic of pineal parenchyma, and 
hence is classified as a pinealoma of adult type (Fig. 4). It appears to be fairly rapidly growing 
in its cellular portion.” 
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Fig. 4. High power photomicrograph showing typical pineal parenchyma 
cells and small lymphocytic-like cells (Case 1). 


This obvious tumor of the pineal region did not, however, explain the patient’s diabetes 
insipidus; therefore Dr. Eisenhardt examined the hypophysis microscopically and found that 
the posterior lobe was massively invaded by the rapidly growing pinealoma. For this reason 
the region of the third ventricle was reexamined, and grossly this showed “‘a little greyish dis- 
coloration and unevenness of the surface along the posterior aspect of the wall.’ Dr. Eisen- 
hardt took a block of this tissue for histological examination and found that it likewise was 
infiltrated with pinealoma. 

As just noted, sections through both the pituitary and the hypothalamus revealed foci of 
tumor. The neoplastic cells were of the spheroidal cell-small round cell combination and these 
foci were superficial in their invasion. The tumor foci were found only in the pars nervosa of 
the pituitary gland and on section showed the characteristic structure of the accepted classical 
pinealoma (Fig. 5). 

In the section from the hypothalamic region there was disruption of the ependymal layer 
and a poorly delimited superficial invasion of the underlying parenchyma with the pineal 
spheroidal tumor cells and a light shadowing of “lymphoid”’ cells (Fig. 6). 


Discussion. Although we have had several other patients with diabetes 
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Fia. 5. Pinealoma invading pars nervosa of hypophysis (Case 1). Cells of 
anterior lobe of hypophysis (A); pars nervosa (N); pinealoma (P). 





Fia. 6. Invasion of hypothalamus (H) by pinealoma (P) in Case 1. 


insipidus who have had clinical and ventriculographic evidence of pineal 
tumors (Horrax and Daniels),‘ the case just reported is the only one in which 
gross and microscopic verification has been possible both as to the lesion in 
the pineal region and the extension of that lesion through the third ventricle 


and into the hypophysis, this extension being presumably responsible for the 
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polydipsia and polyuria. The case is somewhat similar to Case 3 of Dorothy 
Russell—a patient with diabetes insipidus who was operated upon by Hugh 
Cairns with partial removal of a large suprasellar tumor. The latter was 
microscopically an ectopic pinealoma, and at necropsy the tumor was shown 
to have invaded the third ventricle. The pineal body, however, contained 
only a small dermoid cyst and was otherwise normal except near its posterior 
end where there were “‘some ill-defined groups of cells similar to those form- 
ing the infundibular tumor.” 

An extremely interesting and important example of an ectopic pinealoma 
in the region just posterior to the optic chiasm was reported by Stringer® in 





Fic. 7. Skull x-ray (Case 2) showing the enlarged sella turcica (A) taken 3 months after operation, 
the sella having same size as before operation; preoperative film was lost. Compare with B showing re- 
duction in size of sella 24 years postoperatively, with new bone formation in posterior clinoids and in 
floor of sella. 


1934. In this patient there was a relatively small but typical pinealoma in 
the pineal body, and a microscopically similar growth localized to the tuber 
cinereum. This metastatic tumor had destroyed the tuberal group of hy- 
pothalamic nuclei and invaded the stalk of the pituitary gland, but was not 
further invasive. Neither growth had occasioned symptoms of increased in- 
tracranial pressure. The patient had suffered frem diabetes insipidus for five 
months, his daily intake averaging 6,000 cc. and his output 5,000 cc. unless 
he was given pituitrin. One week before death his: temperature rose to-109°F. 
and remained constantly at this level. 

Another recently reported autopsy case of third ventricle invasion by a 
pinealoma was described by Kubik.’ In this instance, although diabetes 
insipidus was not present, the patient ran an intermittent fever from 99° to 
107°F. which was attributed to the demonstrable involvement of the hypo- 
thalamus inasmuch as no other source of the fever was ascertained. 

From the therapeutic standpoint it is our strong feeling in view of subse- 
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quent experiences with certain of the pinealomas that our patient should 
have been given at least a trial of roentgen therapy combined with a simple 
decompression. Certainly, some patients with definite neurological and ven- 
triculographic evidence of pineal tumors have become symptom-free for 


many years on such treatment.‘ 


Case 2. S. F., a male child aged 12 years, was referred by Dr. H. Magendantz of Boston 
and was admitted to the New England Deaconess Hospital on Feb. 2, 1942. 





Fig. 8. Case 2. Appearance 1 year 
and 4 months after operation. Height, 
58} in. Note hairless skin and infantile 
genitalia. 


gioma. 


As in Case 1, this patient’s chief complaint was 
increased thirst and increased urinary output. The 
family history was of some importance in that the 
patient’s maternal grandfather, maternal uncle and 
a cousin on the paternal side suffered from diabetes 
mellitus. 

Present Illness. For the past 3 or 4 months the 
child had worn glasses because of poor vision with 
the left eye. About 2 months previous to admission, 
there had been spontaneous onset of polyuria and 
polydipsia necessitating the patient’s voiding 3 to 4 
times during the night. During these 2 months he 
had experienced bifrontal headaches with nausea and 
vomiting at times. He had also become nervous and 
irritable. 

Physical and Neurological Examination. The child 
was bright and cooperative with rather precocious 
mentality. He was in the 8th grade at school and was 
a good student. He was small for his age, his height 
being 563 in. and his weight was 75 lb. His skin was 
dry and the hair on his scalp was fine and silky. The 
pupils were equal and reacted normally to light and 
accommodation. The ocular movements were normal 
in all directions and there was no nystagmus. Visual 
fields were not remarkable but showed some general 
contraction with slight tendency to bitemporal de- 
fects. The fundi and other cranial nerves were nor- 
mal. There was a mild hypotonia and incoordination 
with the right hand and arm, but otherwise the 
neurological examination was negative. 

The urine showed a specific gravity of 1.004 and 
the 24-hour total output was 3,140 ce. 

X-rays of the skull, taken by Dr. Robins of Bos- 
ton, disclosed an enlarged sella turcica measuring 15 
by 15 mm. in two diameters. The floor of the sella 
was depressed into the sphenoid sinus. The posterior 
clinoid processes were thinned and pushed backward 

A lumbar puncture which had been performed 
previous to the child’s admission to the Deaconess 
Hospital showed a spinal fluid total protein of 67 mg. 
per cent. 


Preoperative diagnosis: probably craniopharyn- 


Operation, On Feb. 3, 1942 a right frontal craniotomy was performed. The dura was tense 
and 30-40 ce. of fluid were aspirated from the right lateral ventricle. This allowed retraction of 
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the right frontal lobe and a good exposure of the chiasmal region. The reddish, bulging surface 
of an obvious tumor appeared between the optic nerves, this tumor having the gross appear- 
ance of a craniopharyngioma. The left optic nerve was pushed upward and outward. The 
right nerve was compressed to a lesser degree. The capsule of the growth was incised and the 
solid contents were removed by pituitary spoons and by suction. In this way the tumor was 
gradually excised piecemeal down to the rim of the sella, and then the intrasellar portion was 
likewise removed. So far as could be told a very complete enucleation had been accomplished 
except for a few possible tags of tumor along the right internal carotid artery. 

The child made an uneventful convalescence and was discharged home on Feb. 19, 1942. 

X-ray Treatment. Between the date of discharge and May 28, 1942, the patient received 

















































| | 4,000 r units through each of three portals directed at the suprasellar region (total 12,000 r), 
From this time until the present the child has come in for frequent follow-up examinations. 
J 1 } 
The following are brief records of the salient features of these check-ups. 
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= Fic. 9. Visual fields (Case 2) 1 year and 11 months postoperatively. 
a Note temporal defect of left field. Normal acuity. 
weil Aug. 31, 1942. Polyuria and polydipsia were still present but not so marked as before 
operation. The visual fields had shown a rather marked temporal defect on the left after 
tiie. operation, but this was now somewhat improved. 
15 Nov. 12, 1942. Height, 573 in. (a gain of 1} in.). Weight, 84 Ib. (a gain of 9 Ib.). 
ie May 27, 1943. Height 58} in. (Fig. 8). No axillary hair. Small amount of pubic hair. 
sie Genitalia infantile. X-ray of sella was the same in size as before operation but bone was being 
aol laid down in the posterior clinoids and in the floor of the sella. 


June 4, 1943. Fluid intake was 12} glasses per day compared to 17 to 20 glasses before 
wal operation. 


aes Dec. 27, 1943. Visual fields still showed an upper left temporal defect, the right field being 
mg. normal (Fig. 9). The patient had less nausea at night; less polydipsia and polyuria. 

June 8, 1944. Height, 59 in. (gain of 23 in. since before operation). Weight, 100 Ib. (gain 
sie of 25 lb. since before operation). X-rays of skull showed sella well calcified with measurements 
; of 12 by 13 mm. as compared with 15 by 15 mm. preoperatively (Fig. 7B). 
— Jan. 5, 1945. Visual fields same as previously with 20/20 vision in each eye. Fundi showed 


niall some slight pallor of the disks. 
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June 15, 1945. Now voided only once at night—previously 3 to 4 times. Visual fields and 
acuity remained as before. 

July 2, 1946. The patient had taken 10 mg. methyl testosterone for one month. He showed 
more hair on his legs, arms and in axillae. His penis was now about the size of that of a boy 
of 14 or 15 whereas the patient was now 17. Height and weight had remained unchanged. 
There was no further change inthe appearance of the sella turcica. Visual fields still showed 
a partial temporal defect on the left with normal acuity of both eyes (Fig. 10). 
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Fig. 10. Visual fields (Case 2) 4 years and 5 months postoperatively. 
Temporal defect of left eye as before. Normal acuity. 


Pathological Report. The first pathological report of this tumor seemed to indicate that it 
was a malignant growth from testicular origin but there was no clinical evidence of a tumor 
anywhere in the genito-urinary tract. Subsequently microscopic sections of the growth were 
submitted to Dr. Eisenhardt who diagnosed it as a pinealoma. 

All the tumor fragments removed at operation were fixed in Zenker’s solution, paraffin 
embedded and stained with eosin-methylene blue. Serial section studies all showed a rela- 
tively similar picture with two distinct types of cells present. The large cells measured between 
20u and 30p with large nuclei measuring up to 20u. The nuclei were round to ovoid, and the 
chromatin was most frequently arranged in a reticular or vesicular pattern. The cytoplasm 
was eosinophilic or amphophilic, and frequently with the nuclei placed in an eccentric fashion. 
These large cells were loosely arranged, sometimes with an alveolar pattern, in other places 
arranged in cords or masses. Interspersed between these cells were groups and infiltrates of 
small round cells with dense basophilic nuclei. These cells measured up to 10u in diameter 
with scanty cytoplasm. The microscopic picture was that usually seen in the so-called typical 
pinealoma (Fig. 11). 


Comment. From the purely clinical aspect this child has been in all re- 
spects the most satisfactory of our three patients. He has now survived 43 
years with his physical, visual and neurological status greatly improved and 
no evidence to date of tumor recurrence. He has had only one course of 
x-ray therapy following operation, as noted. So far as diagnostic criteria 
were concerned, there was every reason to suspect a Rathke’s pouch cyst. 
Therefore, the pathological findings came as a complete surprise. It is most 
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Fia. 11. Photomicrograph of tumor (Case 2) composed of large spheroidal cells and small round 


cells as seen in usual type of pinealoma. Compare with Fig. 12—a typical carcinoma of gonadal or- 
igin. 





Fic, 12. Appearance of gonadal carcinoma for comparison with Fig. 11 
to show the similarity to certain pinealomas. 
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gratifying that his visual acuity and fields have remained nearly normal and 
that his polydipsia and polyuria have greatly diminished. 

We are unaware of a similar long survival of any patient with a tumor 
of this type, but our experience with this child indicates that these growths 
are not all as malignant as they would appear to be microscopically. Whether 
the good result is to be attributed more to surgical removal or to the rather 
heavy dosage of x-ray therapy, there is no way of deciding. In any case, 
radical surgery followed by roentgen treatment would seem warranted in 
every such instance. 

Microscopically the similarity between this tumor and some embryonal 
‘arcinomas of gonadal origin is shown by a comparison of Figs. 11 and 12, 
the latter being a photomicrograph of such a testicular tumor. This visual 
relationship has been previously depicted by Dorothy Russell who at the 
same time alluded to the feeling in some circles that the gonadal embryonal 
‘arcinomas are in reality teratomatous in origin. 

A further point of interest is the recession in the size of the sella turcica. 


Case 3. B. F., a young man 19 years of age, was referred by Dr. A. S. Rogers of Holyoke, 
Massachusetts, and was first seen at the Lahey Clinic on July 6, 1945, at which time he was 
complaining of pain in the right side of his head and of failing vision. 

Past History. (Kindness of Dr. J. E. Scarff of New York.) The patient had been operated 

upon by Dr. Scarff on Jan. 5, 1942, when a grossly complete enucleation of a pinealoma had 
been accomplished by an approach along the falx. The tumor was firm and somewhat lobu- 
lated. Microscopically it was a typical pinealoma (Fig. 13). Previous to this operation the 
patient’s vision had been good and his fundi had shown bilateral choked disks of 3D. His 
pupils did not react to light, and conjugate movements of the eyeballs above the horizontal 
were impossible. A ventriculogram had confirmed the diagnosis of a pineal tumor. The patient 
recovered well from the operation and during the subsequent year he was given 3 series of 
x-ray treatments. He remained perfectly well until January, 1945, when he had a recurrence 
of headaches and vomiting. These subsided after another series of x-ray treatments in Feb- 
ruary, 1945. He again remained well until about June 24, 1945, when his pressure symptoms 
recurred and during the next 2 weeks his vision failed rapidly from ordinary reading vision 
to the ability to read only large } inch print with great difficulty. 
Examination, July 6, 1945. The patient was a mentally normal individual with the scar 
of an old, well-healed craniotomy. Visual acuity on the right was 10/200 and on left 6/200. 
The fundi showed marked bilateral optic nerve atrophy without elevation. His visual fields 
showed extreme general contraction (Fig. 14). His pupils were small and equal and did not 
react to light but did react to accommodation. Upward conjugate movement of the eyeballs 
was almost nil. The ocular movements were otherwise normal. There were a few other incon- 
spicuous neurological findings including slight astereognosis, slight dysmetria of both hands 
and slight dysarthria. He showed a positive Babinski’s sign on the right and this was equivocal 
on the left. Knee and ankle jerks were absent on the right. 

Roentgen Therapy. After this examination, the patient was advised to complete another 
series of x-ray treatments which had been started elsewhere in June, 1945, but since no benefit 
occurred following these treatments, he was admitted to the New England Deaconess Hospital 
on Aug. 23, 1945. By this time his vision had declined practically to blindness in the left eye 
although on the right it was 20/200. He had some headache and dizziness. His optic atrophy 
appeared to be more primary than secondary to his previous papilledema as the disks were 
sharply outlined and the blood vessels were not unusual. 

On Aug. 30, 1945, an oxygen encephalogram was carried out. This disclosed dilatation of 
the lateral ventricles together with rounded defects in the anterior portion of the third ven- 
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Fic. 13. Photomicrograph of pinealoma (Case 3) removed from 
pineal region by Dr. Searff. 
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Fig. 14. Marked reduction of visual fields and acuity in Case 3. 
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tricle and of the under surface of the anterior horn of the right ventricle, indicating a probable 
tumor in this region (Fig. 15). The total protein content of the fluid removed was 160 mg. per 
cent. Because of these findings he was given a series of x-ray treatments directed toward the 
suprasellar region, since there was evidence that his original tumor had been radiosensitive. 
He was discharged Sept. 23, 1945. 





Fig. 15. Encephalogram (Case 3) showing dilatation of the lateral ventricles together with fill- 
ing defects in the anterior portion of the 3rd ventricle and of the right frontal horn (arrows). 


On Oct. 22, 1945, he was readmitted to the New England Deaconess Hospital having re- 
ceived no benefit from the roentgen therapy. He had had several periods of drowsiness and 
vomiting since discharge and there had been no improvement in vision. 

Operation. On Oct. 25, 1945 a right frontal craniotomy was performed. The chiasmal region 
was easily exposed by retraction of the frontal lobe after incising the dura along the sphenoidal 
ridge. A brownish-red tumor presented between the optic nerves, compressing them, and the 
right nerve was also pushed upward by this growth. The upper surface of the tumor was 
coagulated, and after being incised’ in circular fashion the solid contents of the mass were 
gradually removed piecemeal. This was extremely difficult to accomplish because of the firm, 
fibrous nature of the growth. A fairly thorough evacuation of the tumor was nevertheless 
obtained. The capsule was separated from the right optic nerve and from the chiasm and as 
much as possible excised from beneath those structures. It was extremely adherent along 
the chiasm and along the left optic nerve and any attempt to pull this portion of capsule away 
resulted in too much traction upon the nerve and chiasm so that no radical attempt was made 
to remove this part of the capsule. Both nerves, however, were freed from pressure as was the 
chiasm, and the completed excavation appeared similar to that which is obtained by the 
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intracapsular removal of a pituitary adenoma. The growth appeared to extend well down into 
the sella turcica. 

Course. The patient made an uneventful convalescence and was discharged on Nov. 8, 
1945. He showed no great change in his general condition. Vision with the right eye was 
20/200 and with the left he could read the largest letter on the chart at a distance of 3 feet. 

On Dec. 12, 1945 the patient reported for a check-up. He stated that he had had some slight 
temporary improvement in vision after the operation since when there had been a steady de- 
cline. At the present time vision was too poor to record in any way. His fundi showed complete 
optic atrophy. He complained of some moderate headache, nausea and vomiting. 

Word was received that the patient had died on Feb. 15, 1946. 

Pathological Report of Tumor. All the tumor fragments removed at operation were fixed 
in Zenker’s solution, embedded in paraffin and stained with eosin-methylene blue. This con- 
stituted when compressed a 2 cc. mass of friable reddish tissue. Serial section studies were 
carried out on this material and all sections showed a similar picture, but in marked contrast 
to the material from Case 2. There was only a single dominant cell in the make-up of this 
malignant tumor. This cell was large, measuring up to 40y, and was arranged in masses or a 
fan-like syncytial mosaic pattern. Nuclei showed considerable variation in size and tinctorial 
reaction, but principally possessed a definite nuclear membrane, and vesicular chromatin with 
a centrally placed prominent nucleolus. Mitotic figures were numerous. Irregular foci of 
necrosis were sharply demarcated in the syncytial strands of these undifferentiated cells 
(Fig. 16). No infiltrate of small round cells was found, thus differing from the microscopic ap- 
pearance of the original tumor (cf. Fig. 13). An occasional pseudoglandular structure or canal- 
ized element was noted, but no frank teratomatous regions were uncovered (Fig. 17). 


The microscopic picture was that of an atypical pinealoma of undifferentiated embryonal 
type. 





Fia. 16. Photomicrograph of tumor (Case 3). Note uniform type of cell 
with nuclear membrane and prominent nucleolus. 
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Comment. This was the only one of the three patients who showed the 
neurological signs frequently seen in patients with a tumor in the pineal 
region, namely, loss of pupillary reaction to light, and loss of the conjugate 
movements of the eyeballs upward above the horizontal plane. Apparently, 
the tumor in this situation had been very completely removed by Dr. Scarff, 
since the air study which we made 33 years subsequently did not disclose 
any shadow protruding into the posterior portion of the third ventricle. In 
spite of this, however, the eye signs just noted remained unchanged. 

The eventual optic atrophy which the patient showed was without much 
question due to direct pressure from the chiasmal tumor against the optic 





Fig. 17. Pseudoglandular elements in some areas of tumor in Case 3. 


nerves, as the atrophy did not have the usual qualities of that which follows 
papilledema. The disks were sharply outlined-and of a shiny, white color. The 
patient’s late drowsiness may doubtless be attributed to involvement of the 
hypothalamic region. In this connection there was every expectation that he 
should have had some degree of polydipsia and polyuria, like the other two 
patients, but this he never developed. 

Another surprising feature was the lack of enlargement of the sella turcica 
by x-ray since at operation the growth appeared to invade the sella exten- 
sively. 

In view of our two previous experiences with this type of lesion, it was 
possible to make a correct preoperative diagnosis of the chiasmal tumor in 
this patient. The clinical result, however, was disappointing in view of the 
excellent extirpation of the growth which was obtained by the operation but 














ECTOPIC PINEALOMAS IN THE CHIASMAL REGION 325 


doubtless nothing more could have been expected after the highly malignant 
appearance in the microscopic sections was disclosed. It is quite possible that 
the chiasmal tumor had taken on different characteristics from the original 
pineal tumor removed by Dr. Scarff, as there was no evidence of recurrence 
of the latter after extirpation and X-ray treatment. 

Microscopically, this tumor hinted at a teratomatous origin but no overt 
evidence could be found despite serial sections. In many regions the ballooned- 
out strands of undifferentiated cells were reminiscent of masses of Langhans’ 
cells as in a malignant chorionepithelioma, and the pseudoglandular elements 
also hinted at the diagnosis of teratoma, but these two features were only 
suggestive and were not proof positive of a teratomatous origin. 

Recently Glass and Culbertson? have described a primary teratoma of 
the pineal body with regions of choriocarcinoma showing features somewhat 
similar to this case. 


SUMMARY 

Three examples of the so-called ectopic pinealomas in the chiasmal region 
are reported. All three patients were Jewish boys between 12 and 19 years of 
age. In two of the patients a primary pinealoma in the pineal region was 
present and verified microscopically. In one of these patients the chiasmal 
growth was shown to have come by direct extension from the pineal tumor 
through the wall of the third ventricle; in the other, such an extension was 
presumed but could not be verified. In the third patient there has never been 
any clinical evidence of a primary tumor in the pineal region. 

In two of the patients diabetes insipidus was the outstanding clinical com- 
plaint. 

The chiasmal tumor was radically removed at operation in two instances, 
and one patient is alive and well after 43 years. 

Following Dorothy Russell’s thesis that ectopic pinealomas are in reality 
teratomata, serial studies on the material available were carried out in these 
three cases. In Case 3 only was there any suggestion of a teratomatous origin 
and here the visual proof was not conclusive. The other two cases are rep- 
resentative of classical pinealomas from the histopathologic aspect, with the 
first case showing regional spread to the pituitary and hypothalamic regions. 

We wish to express our special appreciation to Dr. Louise Eisenhardt of New Haven, 
Connecticut, for her great interest and aid in the pathological features of the cases presented. 


We are indebted likewise to Dr. John E. Scarff of New York, New York, for furnishing 
material in connection with Case 3. 
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HE appearance in 1938 of Harvey Cushing and Louise Eisenhardt’s 
monograph? on the meningiomas marked a milestone in the history of 
the surgery of brain tumors in general and of the meningiomas in par- 
ticular. It covers Cushing’s experience during his whole life as an active 
surgeon and is the most complete and detailed report so far published on any 
type of brain tumor. It seems, therefore, that there is little new that might 
be said concerning meningiomas since the subject has been admirably dealt 
with only a few years ago by a surgeon of such distinction. However, since 
no series of meningiomas comparable in size has been published either before 
or after the monograph of Cushing, a report of the experiences of this clinic 
with the meningiomas might be of interest. It is appropriate to begin this 
series of papers with a report of the parasagittal meningiomas because they 
are by far the largest and most important group among the intracranial 
meningiomas. 
The material of verified brain tumors observed in this clinic up to Dee. 
31, 1946 is recorded in Table 1. 


TABLE 1. Verified intracranial tumors up to Dec. 31, 1946 


Glioma 1571 48.4% 


Meningioma 608 18.4% 
Neurinoma 296 9.1% 
Adenoma 295 9.1% 
Angioma 104 3.1% 
Arteriovenous aneurysm 61 1.8% 
Aneurysm 50 
Craniopharyngioma 55 
Cholesteatoma 25 
Teratoma, chordoma 8 
Papilloma 13 
Granuloma 50 
Metastatic 112 3.4% 
Miscellaneous 8 

3256 


The 295 meningiomas reported in Cushing’s monograph represent 13.4 
per cent of his 2203 verified intracranial tumors. The meningiomas in our 
series are probably somewhat over-represented because this clinic has a long 
list of patients awaiting admission and we naturally try to weed out the 
glioblastomas and give precedence to patients who, judging from their case 
history and other circumstances, are likely to have lesions where surgery 
may be useful. 
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In Table 2 the intracranial meningiomas are grouped according to locali- 
zation. The parasagittal meningiomas are the largest single group and make 
up roughly one-third of the total number. In my monograph of 19347 the 
proportion of parasagittal meningiomas was somewhat higher (41 per cent) 
but the present figure is more likely to represent the true frequency of the 
parasagittal meningiomas as the material is so much larger. 


TABLE 2. Location of meningiomas 


Parasagittal Q05 
Convexity 91 
Sylvian, sphenoidal ridge 111 
Gasserian envelopes, basis of middle fossa 17 
Olfactory groove 46 
Suprasellar $2 
Intraventricular 1 
Posterior fossa 72 
Varia 6 
608 


The subdivision used by Cushing? is somewhat different but if, as is done 
here, the peritorcular and the meningiomas from the falx, listed by Cushing 
as separate groups, are included among the parasagittal meningiomas, we 
arrive at a frequency of 29 per cent in Cushing's material. The difference 
therefore is quite small and can, as will be shown later, be more than ex- 
plained by the relative frequency of the meningiomas arising ‘from the falx in 
our material. 

When subdividing the parasagittal meningiomas the principles followed 
in my monograph’ of 1934 have been used. According to their point of at- 
tachment to the dura they are divided into three groups, i.e., those arising 
from the dura adjacent to the anterior, middle and posterior third of the 
longitudinal sinus. A fourth group consists of those arising from the falx, a 
group which may be further subdivided into an anterior, middle and pos- 
terior group. In Cushing’s monograph the same principle of subdivision, al- 
though in a somewhat modified form, is employed, the main difference being 
that the peritorcular and the meningiomas from the falx are listed as sepa- 
rate groups. In Table 3 are recorded the parasagittal meningiomas of this 
clinic according to their position. 


TABLE 8. Localization of parasagittal meningiomas 


No. of Cases 


Anterior third 16 
Middle third 72 
Posterior third 25 
Falx 62 
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In Cushing’s? material of 295 intracranial meningiomas there occurred 
only 7 examples of meningiomas arising from the falx. In the material of our 
clinic the frequency of meningiomas arising from the falx is five times as 
great. The reason for this discrepancy obviously is that a considerable part 
of Cushing’s material belongs to the period before ventriculography came 
into general use, and since meningiomas of the falx frequently are without 
localizing symptoms it might be surmised that a number of cases of this type 
have passed his clinic as unverified tumors. To some extent this might be 
true of my own early material, but since the number of cases before 1930, 
when ventriculography was introduced as a routine procedure, was small, 
only 8 parasagittal meningiomas having been verified up to that time, not 
many cases can have passed the clinic without a localizing diagnosis. The 
real frequency of the meningiomas of the falx therefore no doubt is much 
greater than the figures of Cushing indicate. 

The symptoms caused by parasagittal meningiomas are well known and 
it would serve no useful purpose to go into detail concerning these. These 
matters were dealt with fully in my monograph of 19347 and again and with 
a wealth of detail by Cushing? in 1938. The syndromes of the anterior, 
middle and posterior third of the sinus are, when reasonably complete, fairly 
characteristic and frequently allow a correct preoperative diagnosis. This 
is particularly the case when the growth is localized to the middle or pos- 
terior third of the sinus, while those caused by tumors belonging to the 
anterior third seldom are definite enough to allow more than a guess. This 
holds still more for the meningiomas of the falx, where a characteristic syn- 
drome is rarely present. The uncertainties of a neurological localizing diag- 
nosis are of minor importance today since probably no neurosurgeon would 
open the skull in a case of supratentorial tumor without having his diagnosis 
confirmed and the exact location and size of his bone flap decided by contrast 
réntgenography. 

In Horrax’s’ series of 60 meningiomas, 8.3 per cent were tumors from the 
falx, and in the material of 187 meningiomas from Busch’s clinic published 
by Ethelberg,’ 10 were from the falx (6 per cent). 

Since a correct localizing diagnosis can always be made, attention tends 
to be centered upon deciding beforehand the nature of the tumor. This is a 
matter of considerable importance since the size and exact location of the 
bone flap largely depend upon the kind of tumor one expects to find. There 
is no point in extending the flap across the midline if a glioma is to be ex- 
pected but this practice saves much time and trouble if a parasagittal men- 
ingioma is present as it is then necessary to have the sinus fully exposed. 

The most reliable proof that a meningioma is present is a positive réntgen 
picture of the skull. The changes that are typical for a meningioma, in- 
creased vascularity, destruction of bone and formation of new bone, were 
present in various degrees and combinations in 52 of our cases. Since bony 
changes are never found with meningiomas of the falx, this means that the 
suspicion of a meningioma is confirmed by the réntgen films in a little more 
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than a third of the remaining group of parasagittal meningiomas. Sometimes 
atypical bony changes are encountered which may lead to diagnostic diffi- 
culties. Occasionally the destruction of bone may be so extensive that a 
malignant tumor, either an osteogenetic sarcoma or a metastatic tumor, is 
suspected. 

In arteriovenous aneurysm vascular changes of the skull may be present 
that closely resemble those seen in meningiomas. Arteriovenous aneurysms 
with vascular changes of the skull always derive part of their blood supply 
from branches of the external carotid artery, and in this case a systolic 
murmur and sometimes also pulsating arteries in the scalp are present. A 
systolic murmur may, although rarely, be present in a meningioma. Per- 
sonally I have never observed this sign in a parasagittal tumor, but it was 
present in one or two cases of meningiomas of the Sylvian fissure. In case of 
doubt an arteriogram should always be made. 

Next to réntgenological changes of the skull length of history ranks as 
the second most important point in making a diagnosis of the kind of tumor 
present. A history of more than a year was present in 128 of our cases, that 
is, roughly in two-thirds of the total number. In 67 cases, or about one-third, 
the first symptoms dated back more than 2 years. On the other hand, a short 
history does not exclude a meningioma, the history in one of our cases being 
less than 1 month and less than 3 months in 12. Altogether a history of less 
than 6 months was encountered in 44 cases (about 20 per cent). Sometimes 
pressure absorption of the posterior clinoids belies the history as given by 
the patient, but nevertheless it should be remembered that,a short history 
is by no means a rarity in cases of parasagittal or other meningiomas. 

The most frequent source of error confusing the preoperative diagnosis 
are of course the gliomas. Although glioblastomas seldom give rise to syn- 
dromes simulating a parasagittal meningioma, cases do occur where diag- 
nostic errors with serious consequences for the patient may be committed. 
Where a short history and other circumstances suggest the presence of a 
glioblastoma, an arteriogram should always be made and if the characteristic 
arteriographic picture of a glioblastoma as described by Ténnis° is lacking, 
the case should be explored. In one of our cases of a frontal parasagittal 
meningioma with a history of 3 months’ duration with headache, somnolence 
and a left-sided hemiparesis as the principal symptoms, an exploratory punc- 
ture performed elsewhere had disclosed the presence of a cyst filled with dark 
brown fluid. 

In spite of the absence of abnormal blood vessels typical of a glioblas- 
toma, operation was advised against, largely because the encephalograms 
were thought to indicate the presence of a bilateral tumor. The patient was 
then brought here and a large, partly cystic parasagittal meningioma re- 
moved. Experiences of this kind emphasize the risk of being too conservative, 
and whenever there is the slightest doubt concerning the nature of the tumor 
operation should be performed. In case a glioblastoma is found no harm is 
done and even if the final outcome is not changed, the patient may some- 
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times derive considerable benefit from the operation, if the tumor is re- 
moved as completely as is compatible with life and function. 

This of course also holds for the more benign gliomas. The only important 
exception are the very slowly growing diffuse astrocytomas, particularly in 
or near the motor region. In these cases the interest of the patient is usually 
best served by a conservative attitude. The diagnosis is not always easy and 
confusion with a parasagittal meningioma, particularly of the middle third 
of the sinus, may easily occur. The diffuse astrocytomas frequently have a 
longer history than is commonly seen in parasagittal meningiomas, pressure 
symptoms appear later, and encephalograms are often normal in the early 
stages of the disease. Even after several years of Jacksonian fits with or 
without hemiparesis the changes in the encephalogram may be surprisingly 
small and réntgenological changes of the skull are completely absent. If the 
arteriograms are not typical or at least suggestive of a meningioma it is 
usually safe to defer operation until pressure symptoms occur. Ordinarily 
decompression is all that can be done in cases of this type and the decom- 
pression can be combined with exploration if a meningioma has not been 
definitely ruled out before. 

In a considerable number of cases the diagnosis of parasagittal men- 
ingioma can be made with reasonable certainty, a certainty that may be- 
come absolute if typical réntgenological changes are present. Nevertheless 
even in those cases where the localizing diagnosis of a parasagittal men- 
ingioma can be made with certainty, it is the policy of this clinic always to 
confirm the diagnosis with contrast réntgenography of one form or other. 
The reason for this practice is that clinically one can never be certain of the 
extent of the neoplasm, and the flap may therefore be more or less misplaced, 
necessitating secondary flaps or the nibbling away of bone to enlarge the 
flap. The greatest possible accuracy in placing a flap, which is neither too 
small nor too large, is considered eminently desirable and for this reason air 
studies or an arteriogram are always made. If there are no pressure symp- 
toms, encephalograms are made after suboccipital puncture. This was done 
in 85 cases. In 14 of these air did not enter the ventricles or only one ventricle 
was filled; in the remaining 71 cases satisfactory encephalograms resulted. 
In 117 cases, including the 14 cases where encephalograms failed, ventriculo- 
grams were carried out, all with satisfactory results. In 26 cases arteriograms 
were made, the indication usually being either suspicion of an arteriovenous 
aneurysm or a glioblastoma. In a few of the earliest cases no contrast studies 
were made. 

The technical steps in removing a parasagittal meningioma were de- 
scribed in detail in my monograph of 1934 and only the more important 
points and the changes in technique that have been introduced since that 
time will be dealt with here. From the air studies preceding operation the 
exact location and size of the tumor are known and the flap should be so out- 
lined as to give sufficient room for the manipulations necessary when remov- 
ing the tumor but without exposing more of the brain than is necessary. The 
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sinus should be exposed along the entire length of its attachment to the 
tumor and a little beyond, and the flap should therefore extend 1 or 2 cm. 
across the midline for a distance of several em. The skin-galea flap is always 
dissected away, hinging the bone flap solely on the temporal muscle. When 
the tumor is far away from the temporal region, as in meningiomas attached 
to the posterior half of the sinus, the hinge of the bone flap consists only of 
the thin attachment of the temporal fascia. The bone flap is then for all prac- 
tical purposes an autotransplant, very few and small nutritional blood ves- 
sels remaining. This has the advantage of eliminating the bone flap as a 
source of postoperative hemorrhage but increases the risk of osteitis in the 
flap should infection occur. Osteitis of the bone flap with necrosis necessi- 
tating later removal of the flap occurred in 2 of the 202 patients operated on, 
and in 2 additional cases marginal necroses of the flap resulted in the spon- 
taneous extrusion of small sequesters. No statistics of the disturbance of 
wound healing following operations for brain tumor are available, but I do 
not think that the danger of necrosis of the bone flap can be entirely elimi- 
nated even if the skin-galea flap is left in place and a more liberal blood sup- 
ply to the bone flap thereby ensured. With the advent of penicillin the risk 
of infection of the bone flap has been practically eliminated, for the present 
at least, and one need not worry about the blood supply of the bone flap. 

When the bone is involved, particularly when a boss is present at or near 
the midline, some difficulty might be encountered when breaking the flap, 
as the tumor in the dura may continue directly into the tumor in the bone. 
If the flap is slightly elevated a dissector or brain spatula can be introduced 
breaking the connections between dura and bone, and the flap may then be 
broken in the usual way. 

The outlining and turning of the flap may be accompanied by profuse 
hemorrhage from the bone and from the dura when the flap is broken. In the 
earlier days of neurosurgery this was a signal to postpone the rest of the 
operation for a second stage. This was done in a few of my earliest cases 20 
years ago, but I soon learned, as have others, that when severe pressure 
symptoms are present, the patient frequently does not survive for the second 
stage. With 7 exceptions, all belonging to the earliest cases before 1930, the 
operation has been completed in one stage in every case. To make a rapid 
replacement of blood possible a cannula is placed in a convenient vein and 
an intravenous drip started when the operation begins. Whenever necessary, 
blood in the desired amount can then be rapidly given. Gardner‘ recently 
made the interesting experiment of first bleeding his meningioma patients, 
storing the heparinized blood and reinfusing it when the enucleation of the 
tumor had been completed. There is no doubt that the enucleation of the 
tumor can be done with greater ease and rapidity when the blood pressure 
has been reduced and peripheral vasoconstriction is marked, but personally 
I feel a little uneasy about reinfusing large quantities of heparinized blood as 
this practice might conceivably increase the risk of a postoperative clot. 

After the flap has been broken, the dura is covered with cotton pledgets 
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wet in 3 percent hydrogen-peroxide solution. After tapping the contralateral 
ventricle, if necessary, the middle meningeal artery is ligated, and the dura 
opened along the margin of the tumor. In my monograph of 1934 T reeom- 
mended dividing the dural bridge between the sinus and the tumor before 
proceeding further. Theoretically this is possibly the best method of safe- 
guarding the brain against injury, but increasing experience has convinced 
me that the older method of hinging the tumor on the sinus is preferable in 
the majority of instances. 

The main reason for this change in technique is that the tumor so fre- 
quently invades the sinus, making it difficult or impossible to divide the dural 
bridge between tumor and sinus. Partial or total obliteration of the sinus 
was found in 100 of our 202 patients operated on, and partial resection of 
the lateral part of the sinus is much more easily carried out if the tumor is 
hinged on the sinus during the resection of the invaded part of the sinus. In 
addition a tumor invading the sinus quite often is broadly adherent to the 
falx, and the benefit to be derived from first dividing the dural bridge be- 
tween tumor and sinus, i.e., mobility of the tumor, is lost. 

For the last 12 years the practice of this clinic has been first to mobilize 
the tumor from the brain, to hinge the growth on the sinus, then divide the 
dura between tumor and sinus and, if necessary, resect the sinus. The first 
step in this procedure is to divide the arachnoid bridging the groove between 
tumor and brain, at the same time coagulating or clipping all superficial 
blood vessels. This is usually followed by some extrusion of the tumor and a 
fairly reliable estimate of the size of the growth can be made. If the tumor 
is large, and particularly if its major part is deeply imbedded in the brain, it 
is usually advisable to excavate it. This is done with the electric loop or, if 
the tumor is soft, by spoon and sucker. The edge of the tumor is then grasped 
with a nasal forceps having a broad face and gradually delivered from its 
cavity, the dissection being carried out with the finger if necessary and en- 
countered blood vessels caught with silver clips as they are felt or seen. 

When all vascular connections with the brain have been disposed of the 
tumor is tilted out and hinged on the sinus. Any adhesions with the falx are 
broken by blunt dissection, the tumor infiltration of the falx, possibly pres- 
ent, to be dealt with later. At this stage it is necessary to consider the re- 
lations of the tumor to the sinus. If the growth is grossly bilateral and the 
sinus completely obliterated, bloc resection of the sinus and infiltrated part 
of the falx is carried out. The same procedure is employed whenever the 
sinus is completely obliterated regardless of the position of the tumor. The 
obliterated sinus serves no useful purpose and can be safely resected. It need 
hardly be emphasized that the length of sinus to be resected should be re- 
stricted to the absolute minimum compatible with radical removal of the 
tumor. Not infrequently it is difficult to be certain whether the sinus is com- 
pletely obliterated or not. In that case it is best to begin with a marginal 
resection of the sinus, i.e., dividing the dura between tumor and sinus as 
close to the tumor as possible. The sinus is of course opened in this procedure 
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and closed by interrupted silk sutures as the incision proceeds. Finally per- 
haps a point is reached where the sinus is completely obliterated and when 
the incision has been carried this far, both anterior and posterior to the com- 
pletely obliterated part of the sinus, a minimal bloc resection of the sinus 
‘an be carried out. 

The writer therefore adheres to the conservative principles regarding 
resection of the open sinus expressed 13 years ago, and maintains that bloc 
resections of the open sinus should never be carried out if it can possibly be 
avoided. This rule is perhaps less stringent when applied to the part of the 
sinus lying anterior to the Rolandic vein. It is true that bloc resections of this 
part of the sinus may occasionally be carried out with impunity and cases of 
this kind have been described by Jaeger® and others. It is also conceded that 
bloe resection of the sinus facilitates the removal of, for instance, a large 
anteriorly placed meningioma of the falx, particularly if the lower margin of 
the sinus is invaded. The outcome of a bloc resection in this region depends 
on the length of sinus resected and on the number of cortical veins that must 
be ligated. On the side of the lesion little or no harm may be done but on the 
contralateral side several cortical veins of importance may be occluded lead- 
ing to dangerous degrees of cerebral edema as an immediate, and to loss of 
function as a permanent effect. Two cases published in 1934,’ where resection 
of the open sinus well anterior to the Rolandic vein led to permanent accen- 
tuation of the mental symptoms present before operation, convinced me that 
even in this region resection of the open sinus should be avoided. 

The tumor having been removed the rest is more or less routine carried 
out in a similar fashion in most clinics. In tumors of the falx the dura can be 
closed, otherwise it is usually necessary to remove most of the dural flap. No 
attempt is made to cover the defect, the margins of the dura are stitched to 
the periosteum, and the bone flap is wired in place. Invaded parts of the bone 
must of course be removed. If possible, only the tabula interna and the 
diploe are removed by burring this part of the bone away with a motor-driven 
fraise. In the after-treatment frequent use is made of lumbar puncture during 
the first week to prevent protrusion of the brain in the dural defect. 


RESULTS OF OPERATION 


Of the 205 patients there were 3 who were not operated on. One died from 
pneumonia before operation could be carried out. The second was a woman 
of 30 who was pregnant and who was sent to the obstetrical clinic for a 
‘aesarean section but died there following this operation. The third was a 
boy of 16 years (Case 20 in my monograph; also cited on p. 540 in Cushing’s 
monograph), and in this case a localizing diagnosis could not be made. Only 
one ventricle could be found and no air was injected because of the ad- 
vanced pressure syndrome. He died 4 months later and autopsy disclosed a 
huge, bilaterally placed meningioma of the falx. If arteriograms had been 
made the localization and probably also the nature of the tumor would have 
been disclosed. 
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Among the 202 cases in which operation was performed, there was one 
(No. 950/1925) in which no attempt was made to remove the tumor; the 
patient died from intracranial pressure after a first-stage operation had been 
abandoned because of loss of blood. In 3 cases the tumor was incompletely 
removed, with one fatality. 


TABLE 4. Results of operations 


: Postop. Deaths 
a hl . . No. of or oF : . 
l'ype of Operation Wiese 
— No. Per cent 
Exploration | I 100 
Incomplete removal 3 1 30.3 
Complete removal 197 23 a. 
Recurrent tumor removed; bone defect repaired 1 l 100 
202 26 13 


In 197 cases the growth was completely removed, with 23 fatalities ((11.1 
per cent). In one case finally the patient came to Stockholm with a recurrent 
tumor, having been operated on twice elsewhere. He died from meningitis 
following a premature attempt to repair the huge bone defect left after 
previous operations and after his recurrent meningioma had been success- 
fully removed. The results of these various operations are listed in Table 4. 
Every patient dying in the clinic is listed as a postoperative fatality regard- 
less of the time elapsing between operation and death and regardless of the 
immediate cause of death. 

The causes of death are listed in Table 5. 


TABLE 5. Causes of death 


No. of 

Cases 
Exsanguination 6 
Cerebral edema 5 
‘Tumor not removed; postoperative increase of pressure 1 
Infection 3 
Status epilepticus t 
Pneumonia 3 
Pulmonary embolisin 1 
Heart insufficiency ] 
Thrombosis of carotid artery l 
Postoperative clot 1 
26 


As is seen from Table 5 the most important single cause of death is loss 
of blood during operation. This is not surprising since many of these lesions 
are exceedingly vascular and control of hemorrhage frequently the most dif- 
ficult part of the operation. If something goes wrong with the replacement 
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of blood or sudden profuse hemorrhage occurs before transfusion is begun, 
death may supervene so rapidly that nothing can be done. The majority of 
fatalities from hemorrhage occurred during the early years before an intra- 
venous drip was introduced as a routine precautionary measure. Others have 
had similar experiences, and 4 of Cushing’s 14 fatalities in his 83 cases of 
parasagittal meningiomas where removal was done or attempted (the peri- 
torcular and falx meningiomas being included among the parasagittal tumors 
to enable comparison) were due to exsanguination. The 2 fatalities in the 
series of 10 parasagittal meningiomas published by Carrillo, Odoriz and Car- 
rea! were both due to hemorrhage. It may be confidently hoped, however, 
that with modern methods of blood replacement, perhaps also intraarterial 
transfusion as recommended by Gardner,' the fatalities from exsanguination 
may in the future be reduced to insignificant proportions. This can hardly 
be said concerning the second most important cause of death, cerebral edema. 
This is largely due to cerebral trauma unavoidable in removing large tumors 
in difficult locations, for instance large bilateral tumor, or tumors arising 
from the falx. Only an earlier diagnosis can be of help in materially reducing 
mortality in this group and for the present there does not seem to be much 
hope in this direction. 
The mortality related to location of the tumor is shown in Table 6. 


TABLE 6. The relation of mortality to location of tumor 


Location of Tumor No. of Cases No. of Deaths Per cent 
Anterior third 45 3 6.5% 
Middle third 71 9 11.0% 
Posterior third 25 2 8.0% 
Falx, anterior third 29 6 20.7% 
Falx, middle third 20 3 15.0% 
Falx, posterior third 12 3 25.0% 
202 26 


The most striking fact emerging from Table 6 is the high mortality at- 
tending removal of meningiomas of the falx, the total mortality of the falx 
meningiomas being twice as high as that of the other tumors. This is hardly 
surprising since most of these tumors attain a huge size before being diag- 
nosed. It is perhaps not without significance that the tumors of the middle 
third of the falx have the lowest mortality as they, because of their proximity 
to the motor region, are likely to attract attention at an earlier stage than 
the others. Aside from the paucity in symptoms making a late diagnosis 
more frequent in the meningiomas of the falx than in most other meningi- 
omas, their concealed position makes the operation more hazardous and 
trauma to the brain and loss of blood are likely to be more pronounced than 
in other tumors. The hazards of operations for meningiomas of the falx are 
also borne out by the experience of others. Cushing? lost 4 of his 7 cases and 
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Horrax’® 2 of his 5. The mortality recorded by Ethelberg*® in 12 cases was 
25 per cent. 


TABLE 7. Relation of mortality to sinus resection 


No. of No. of P t 

Cases Deaths — 

Bloc resection, sinus completely obliterated 38 4 10.5% 
Bloc resection, sinus not completely obliterated 15 3 20.0% 
Marginal resection, sinus partially obliterated 47 4 8.5% 


100 11 


The figures given in Table 7 illustrate the relation between mortality and 
sinus resection. They are too small to allow any conclusions but it is sug- 
gestive that bloc resection of a sinus that is only partially occluded by the 
tumor is attended by a mortality that is much higher than the general mor- 
tality observed in this series. On the other hand bloc resection of the com- 
pletely obliterated sinus or marginal resection of the partially occluded 
sinus does not appear to have any appreciable influence on the mortality. 

The variations in mortality in 5-year periods are listed in Table 8. 


TABLE 8. Mortality in five-year periods 


Time No. of Cases No. of Deaths Per cent 
1924-31 16 3 19.0% 
1932-36 69 9 13.0% 
1937-41 57 11 19.3% 
1942-46 60 ‘ 5.0% 

202 26 13% 


During the period 1924-1931 the number of patients with parasagittal 
meningiomas admitted to the clinic was small, only 16 being operated on 
during this time. During the following 5-year periods the number of cases 
has remained fairly constant. The mortality, however, has shown consider- 
able variations but too much weight should not be attached to these differ- 
ences since with such small numbers and such wide variations in the char- 
acter of the tumors encountered, a few bad cases might easily cause con- 
siderable distortions of the mortality curve. It seems possible, however, 
during the last 5-year period that the introduction of chemotherapy, par- 
ticularly penicillin, may have had some influence on the mortality rate by 
reducing the frequency of pulmonary and other infections. 

With regard to the functional results, late and remote, it is necessary first 
to consider the small group of cases where the tumor was incompletely re- 
moved. There are only 3 patients in this group, and one of them died from 
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the immediate effects of the operation. Of the remaining 2, one, the first 
patient with a parasagittal meningioma operated on in this clinic, never 
recovered from her hemiplegia and died 9 months later from the effects of 
the progression of the tumor. In the second survivor, a young girl of 18 who 
had a very large hyperostosing tumor involving the posterior part of the 
middle third of the sinus, only the involved bone was removed. ‘The tumor 
in the dura grew as a very thin meningioma en plaque in- and outside the 
dura and its removal would have necessitated the resection of a large part 
of the open sinus, which would in all likelihood have ended with a fatality. 
She is now, 2 years after operation, still free of symptoms and removal of the 
remaining part of the tumor should, if it ever becomes necessary, be post- 
poned as long as possible. 

In the group of 174 cases of complete tumor removal with survival of the 
patients, the immediate result with regard to function can be made the ob- 
ject of an approximate estimate only. When leaving the clinic 54 patients 
were well or nearly so, 97 were considered improved and 23 were unimproved 
or in a worse condition than before operation. These figures naturally cannot 
give more than a very general idea of the condition of the patients shortly 
after operation. Several of those suffering from a temporary increase of 
paralysis, usually in the form of hemiplegia, later recovered, while in others 
little or no recovery took place, and in still others the condition continued to 
deteriorate because of persisting epilepsy or because of recurrence. The pe- 
riod of rehabilitation is long for all those patients presenting an advanced 
stage of the disease at the time of operation, and in many of these the 
operative trauma led to an increase of preexisting hemiparesis or to motor 
or sensory defects where none existed before. If the earning capacity of the 
patient approximately one year after operation, when the rehabilitation 
period may be considered to be over in the majority of cases, is taken as a 
yard stick of the functional result of the operation, we can get some, though 
admittedly incomplete, idea of what has been accomplished. 

“xcluded from this survey are 14 patients operated on during 1946. There 
remain therefore 160 survivors among the 197 cases where the tumor was 
completely removed. Among these, 6 patients died 6-12 months after opera- 
tion, some probably from late complications, such as pneumonia, and others 
from intercurrent disease. ‘Two patients were lost track of. Among the re- 
maining 152 cases 22 were complete invalids because of hemiplegia often 
combined with epilepsy, severe epilepsy without paralysis, blindness or 
mental disturbance. Hemiplegia with or without epilepsy no doubt ranks 
first as cause of incapacitation, with severe epilepsy second. In 29 cases the 
patients were partially able to work, the most frequent cause of disability 
being motor defects, with epilepsy second. The remaining 101 patients were 
well or had only some minor defects which did not seriously affect their earn- 
ing capacity. 

A very rough approximation of the results one year after operation there- 
fore indicated that about 50 per cent of the total number operated on are 
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reasonably well and self-supporting, 15 per cent are dead either from the im- 
mediate effects of the operation or as a result of late complications, recur- 
rence or intercurrent disease, 10 per cent are complete invalids, 15 per cent 
are partial invalids, and in 10 per cent the question of the final classification 
is left open, the probabilities being that most of these patients ultimately fall 
into one of the two best groups. 

If we survey the fate of those who have been observed for 5 years or 
more there remain 141 patients operated on before 1942. After 5 years 40 of 
these patients were known to be dead, either in the clinic as a result of the 
operation or later. In 16 cases the patients, most of whom were from distant 
countries, had been lost track of during the war. There remain 85 cases. Of 
these, 34 (40 per cent) are completely well and able to work, 38 (44.7 per 
cent) are partially able to work, and 13 (15.3 per cent) are invalids. Ten of 
these 85 patients had been operated on for recurrence. These figures have a 
rather limited value as the cause of death in 12 per cent, and the later fate 
of another 12 per cent of the total number are unknown. The most important 
information derived from these figures is that 5 years after operation one- 
fourth of the total number of patients operated on are well and able to work 
and another fourth are partially able to work, which means that about half 
of the patients operated on are restored as useful members of society, while 
9.2 per cent, although surviving, remain invalids. 

During the ensuing years the fate of the survivors may be considerably 
modified in the averse sense by recurrence, by the accumulating effect of 
epilepsy on the mental condition of the patient, by the effects of arterio- 
sclerosis on a brain already atrophic from pressure effects, by complications 
from the joints of partially or completely paralyzed extremities, to mention 
only some of the more frequent and important late sequels. On the other 
hand, in a few patients further improvement and adaptation occurs but on 
the whole it must be said that the majority of factors influencing the fate of 
the patient during his subsequent life work in an averse direction. 

The frequency of recurrences is difficult to estimate because in many 
eases where death occurs after the patient has left the hospital the cause is 
unknown. Among the 174 patients who survived an apparently complete 
extirpation of the tumor 28 died later. The interval between operation and 
death is shown in ‘Table 9. 

In how many of these cases death was due to recurrence is impossible to 
say with certainty as none of them came to autopsy. From the last report of 
the patients or from their relatives it seems possible or probable that recur- 
rence had taken place in 10 cases. This can be little more than a guess, how- 
ever, and the actual figure may be somewhat higher or lower. We are on 
more reliable ground when considering the 12 patients who were readmitted 
to the clinic for recurrence. The time interval between their first and second 
operation is shown in Table 10. 

It is seen from Table 10 that as a rule the recurrent tumor takes a long 
time to develop and in only one case was the interval between operations 
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TABLE 9. Survival period of patients dying after leaving hospital 


No. of — 

Patients ero. 
years 
6 1 1 
. 1-2 
3 2-3 
: 3-4 
: 4-5 
. 5-6 
. 6-7 
: 7-8 
. 8-9 

: >10 

28 


less than 1 year, while in the majority of cases it was more than 3 years. 
There was no mortality attending the removal of the 12 recurrent tumors, 
but in 4 cases the tumor recurred again and was removed for the third time, 
this time with 1 fatality. Among the 11 patients who survived the second or 
third operation for recurrence, 3 have since died, all from recurrence. Seven 
patients are still alive; 1 patient who lived in Poland has been lost track of 
during the war. 

The total number of recurrences in this material will of course be known 
only after a much longer observation period than is at present available, and 
since an autopsy is rarely obtained in patients dying outside the hospital the 
final figure will be only an approximate one. As far as present observations go 
they indicate a figure of recurrences not much over 10 per cent, which may 
be regarded as reassuring, particularly in view of the high frequency of re- 
currences observed in Cushing’s material. The explanation probably should 
be sought in the more radical methods employed in this clinic when dealing 
with tumor infiltrations of the sinus. 


TABLE 10. Recurrences: Time interval between first and second operation 


No. of Rosco 
Patients ase 
years 
1 1 
3 1-2 
0 2-3 
3 3-4 
3 4-5 
2 > iC 
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SUMMARY 

The parasagittal meningiomas including those attached to the falx make 
up roughly one-third of all intracranial meningiomas. Among the 202 cases 
operated on there were 26 fatalities (13 per cent). The mortality in the 61 
vases Where the tumor was attached to the falx was 20 per cent; in the re- 
maining 141 cases it was 10 per cent. The reason for the higher mortality in 
tumors of the falx is the late appearance of symptoms and large size of these 
tumors; their concealed position also makes the operation more hazardous. 
The longitudinal sinus was completely occluded by the tumor in 38 cases 
(18.8 per cent) and partially occluded in 62 (30.7 per cent). Bloc resection of 
the completely obliterated sinus carried a mortality of 10.5 per cent and 
marginal resection of the partially occluded sinus a mortality of 8.5 per cent. 
Bloc resection of the partially occluded sinus was carried out in 15 cases with 
a mortality of 20 per cent. 

One year after operation 50 per cent of the total number of patients 
operated on were well and self-supporting, 15 per cent were dead either from 
the immediate effects of the operation or as a result of late complications, 
recurrence or intercurrent disease, 10 per cent were complete invalids, 15 per 
cent were partial invalids, and in the remaining 10 per cent the result with 
regard to function was still undecided. 

Recurrence was comparatively rare, the approximate frequency being 
about 10 per cent. 
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HEMIFACIAL SPASM: A NOTE ON THE ETIOLOGY 
IN TWO CASES* 


ELDRIDGE CAMPBELL, M.D., anp CHRISTIAN KEEDY, M.D. 
Department of Neurosurgery, Albany Medical College, Albany, New York 


(Received for publication March 8, 1947) 


HILE the etiology of hemifacial spasm is unknown, it is generally held 

that the lesion lies either in the facial nucleus or in the proximal 

portions of the nerve.*:7 Since the disorder is never fatal, pathological 
examinations have thus far been very rare. It so happened that two patients 
with typical facial motor tic came to be operated upon by the suboccipital 
route for an associated homolateral tic douloureux. Since each was found to 
have a cirsoid aneurysm of the basilar artery which compressed the facial 
nerve on the affected side, these observations appear worthy of record. 


Case 1. Mrs. L. B. (U. 453170), a 62-year-old white woman, was admitted to the Albany 
Hospital Nov. 26, 1938 with the history of twitching in the left side of the face of 43 years’ 
duration and of intermittent pains in the left jaw and left side of the tongue for the previous 
18 months. The movements had involved chiefly the muscles about the left eyelids and gradu- 
ally spread to the cheek, and were rapid, painless and largely uncontrollable. They were worse 
when she was with people, particularly strangers. They were present during sleep. There had 
been no involvement of any muscles other than those of the left face, no vertigo, loss of con- 
sciousness, nor any mental disorder. 

The pains, which were confined to the left mandibular nerve area, were sharp, severe and 
came in groups of several short “jabbings” rapidly repeated. After some attacks a burning 
sensation would persist in the involved area or occasionally this latter sensation might be 
experienced alone. Talking and chewing often precipitated these episodes. The pain bore no 
consistent relationship to the facial twitchings. The past and family histories were non- 
contributory. 

Examination. The patient was a rather slender woman of good color and general condition. 
Principal interest lay in the left face, the upper portion of which was frequently distorted by 
twitchings. These were unpredictable in onset, and could not be volitionally abolished even 
temporarily. They tended to involve the orbicularis oculi muscles principally, and the zy- 
gomaticus caninus group to a lesser extent. At times a series of contractions would all but 
close the left eye for several seconds. Often the movements appeared to be so small and so 
sharply limited as to suggest involvement of but a portion of a muscle. The patient felt no 
compulsions nor was there any suggestion of this type of disorder. No weakness of the facial 
muscles was discerned. The left corneal reflex was very slightly diminished, although the 
patient was not conscious of any difference in sensation in the two eyes. The remainder of the 
neurological examination was normal. The otological consultant, Dr. Benjamin Volk, found 
the hearing to be normal in each ear; both labyrinths were mildly hypoactive. The rest of the 
physical findings were not remarkable. The fundi appeared normal. The B.P. was 170/80. 

Laboratory Findings. RBC: 4,100,000; WBC: 4,800; Wassermann reaction negative. Free 
hydrochloric acid was present in the gastric juice and the stool contained no occult blood. 

The left mandibular nerve was injected with alcohol at the foramen ovale. Resulting 
anesthesia was incomplete and tic pains continued. 

Operation. On Dee. 9, 1938 a left suboccipital approach was carried out under avertin and 


* Presented at the meeting of the Harvey Cushing Society, October 10, 1946, Boston, Mass- 
achusetts. 
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intratracheal anesthesia. When the cerebellum was retracted medially the facial and acoustic 
nerves were seen to be pushed laterally and forward by a canary-yellow, oval-shaped mass, 
approximately 1 cm. in diameter. The internal auditory artery was 1 to 2 mm. in thickness 
and formed a loop which tended to obscure both the 8th nerve and the mass in question. In 
order to obtain a satisfactory view of the latter it was believed necessary to divide this arterial 
loop. After this had been done and the cerebellum retracted further it was clearly seen that 
the yellow mass was but a xanthochromatous area in the wall of a cirsoid aneurysm of the 
basilar artery. 

After a large petrosal vein had been thrombosed and divided, the sensory root of the 
trigeminal nerve came into view. The aneurysm curved forward, passing under the root 
which it had pushed dorsolaterally against the edge of the tentorium. By means of a nerve 
hook approximately the lateral ¢ of the sensory root was divided. 

She recovered promptly from the operation, had complete anesthesia in the mandibular 
nerve area and mild hypesthesia in the 1st and 2nd divisions. Apparently as the result of 
division of the internal auditory artery there was immediate and complete paralysis of the 
left 7th and 8th cranial nerves. 

Subsequent Course. She was permanently relieved of pain and was so happy to be free from 
the facial twitching that she decided not to return for a spinofacial anastomosis. She reported 
by letter 4 months after operation that the facial paralysis was clearing up but that the left 
sar remained deaf. A neurologist who examined her several times at her home in another city 
reported that there was partial recovery of movement in the left face, that it became almost 
symmetrical and that occasional fine twitching movements were observed about the left 
orbit. She remained deaf in the left ear. There was no return of pain and she continued in good 
health for the next 8 years. She dropped dead July 16, 1946. No autopsy was performed. 


Case 2. Mrs. Ida P. (U. #2879), a 64-year-old white woman, was admitted to the Albany 
Hospital June 26, 1946 complaining of left facial pains typical of tic douloureux, which had 
begun 5 years before, and of twitching of the left side of the face of 3 years’ duration. 

The pains had appeared spontaneously in the left brow in May 1941. They were described 
as sudden, sharp and severe, each lasting but a matter of seconds. Within a few weeks they 
spread to involve the left cheek, side of the nose and occasionally the left temple. Upon the 
advice of her dentist, several left upper teeth were removed, but without relief. A trigger zone 
appeared just lateral to the nose, making it difficult to wash the face. In December 1941 the 
left supra- and infraorbital nerves were injected with alcohol; complete relief from pain fol- 
lowed for 8 months. Again an alcohol injection of the supraorbital nerve was performed which 
provided relief for 6 months. At the end of this time the pains recurred with increased severity 
in both the Ist and 2nd division areas. In our absence overseas, she consulted a neurosurgeon 
in another city, who, in December 1942, performed a subtotal division of the sensory root of 
the left trigeminal nerve by the temporal approach. Complete anesthesia resulted over the 
lower jaw and she was unable to chew on that side. The pains recurred in the left cheek and 
side of the nose 3 years later, and were then unaffected by reinjection of the infraorbital nerve. 

Approximately 23 years after the onset of the tic douloureux, a twitching set in about 
the left orbit. This soon spread to involve the cheek and the corner of the mouth, but never to 
any other muscles. These movements were not completely inhibitable voluntarily and were 
worse when she was with people or was nervous. She felt no compulsion to make the move- 
ments and was quite puzzled by them. They occasionally awoke her from sleep. She had ob- 
served no relation between the twitching and the pain. 

Examination. She was a small well nourished woman, the left side of whose face was fre- 
quently contorted by twitchings about the left orbit, cheek and corner of the mouth (Fig. 1). 
The onset, duration, and intensity were quite variable although at times a rough pattern 
appeared. On such occasions, a series of small contractions beginning in the orbicularis oculi 
muscles would culminate in a closure of the left eye and the drawing upward and outward of 
the left corner of the mouth, lasting 5 to 15 seconds. She could not tell when a contraction 
would start, could not voluntarily inaugurate one, nor having begun, could she do more than 
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temporarily and slightly lessen it. The movements were never observed to spread to muscles 
other than those supplied by the left facial nerve. 

The left temporal and masseter muscles were markedly atrophic and the jaw on opening 
deviated to the left. The incisional scar in the left temple was well healed and the scalp some- 
what sunken in over the decompression. 

Laboratory Data. RBC: 4,900,000; WBC: 7,900; blood non-protein nitrogen: 41 mgm. per 
cent; blood chlorides: 450 mgm. per cent. 

Operation. On June 27, 1946 the patient was anesthetized with intratracheal ether and 
placed upon her right side in the Mount position. A lumbar puncture was then performed 
with the stylette temporarily left in place. A small curved incision was then made in the angle 
between the left mastoid and lateral sinus. As soon as the dura was opened, the stylette was 





Fic. 1. Case 2. Photograph made 
during hemifacial spasm. 


removed from the lumbar puncture needle. With the escape of fluid the cerebellum fell away 
from the lateral wall of the posterior fossa. The internal auditory artery formed a loop which 
lay on the posterior surface of the acoustic nerve. After a large petrosal vein had been divided 
the sensory root of the trigeminal nerve, which was in this instance bifid, became clearly visible. 
A large cirsoid aneurysm of the basilar artery (about 1 em. in diameter) coursed forward (Fig. 
2) pushing the facial and acoustic nerves laterally, then curved medially just behind and 
barely touching the trigeminal at its junction with the pons. Its pulsations, while readily ap- 
parent and easily palpable through the forceps, were not extensive. In one portion of its wall 
was a bright yellow area. 

The sensory root of the trigeminal nerve was then completely divided with a nerve hook 
and the wound closed in the usual manner with silk. 

Course. Convalescence was uneventful. Complete anesthesia resulted in the left trigeminal 
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7) 


field and there has been no return of pain in 3 months’ time. The facial twitching remains 
practically unchanged after 7 months. 


DISCUSSION 
Hemifacial spasm* is a benign disorder, readily distinguishable from com- 


pulsive tic and usually from Jacksonian and focal epilepsy. Ehni and Wolt- 
man? have summarized the outstanding characteristics as follows: 


(1) The spasms are of an intermittent twitching nature, such as might be encountered in 
intermittent faradization of the facial nerve. (2) The eyelids on the side are almost always in- 
volved, (3) The spasms are usually unilateral, and when they are bilateral they are not syn- 
chronous or equal in extent or severity. (4) The spasms may persist in sleep. (5) The patient 
does not feel any compulsion to make the movement. (6) The patient is unable to stop the 
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Kia. 2. Case 2. Drawing of left cerebellopontine angle at operation, showing the aneurysm of 
the basilar artery compressing the 5th, 7th and 8th cranial nerves. 


movement by exercise of the will. (7) The patient cannot reproduce the movements volun- 
tarily—especially is he unable to approach the speed with which the fine twitchings occur. 
(8) Psychic upsets of any sort, fatigue and voluntary movements of the face make the spasms 
worse. (9) Children do not have hemifacial spasm. (10) The spasms are limited to the muscles 
innervated by the facial nerve. 


But one autopsy study of this malady has come to our attention. Schultze® 
in 1875 recorded the case of a man with typical hemifacial spasm of approxi- 
mately a year’s duration who died as a result of pulmonary tuberculosis. He 
had not been deaf in either ear. Autopsy examination of the brain disclosed a 
small cherry-sized aneurysm of the left vertebral artery which lay against 


* The variety that sometimes follows paralysis of the facial nerve is not included in the group of 
cases under discussion. 
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the left 7th and 8th nerves, but which did not compress the 9th (Fig. 3). 
Microscopic examination of the left facial and auditory nerves was reported 
to have disclosed no abnormality. 


a) 


oh. huewil 





Fic. 3. Aneurysm of the left vertebral artery compressing the 7th 
cranial nerve as recorded by F. Schultze.* 


The not infrequently observed association of hemifacial spasm with cer- 
tain neurologic changes is noteworthy. Ehni and Woltman? report anatomic 
evidence of arteriosclerosis in 41 of their 106 cases of hemifacial spasm. They 
recorded that 15 of their 106 patients had weakness of the involved side of 
the face, while 14 had impaired hearing on the affected side, 3 on the oppo- 
site side and 1 bilaterally. Instances of corneal anesthesia, hypesthesia in 
the homolateral face, homolateral or contralaterally abnormal plantor re- 
flexes, superior rectus paralysis, homolateral diminution of taste, weakness 
of that side of the tongue and diminution of the ankle jerk and of vibratory 
sensibility in the contralateral side have been recorded. 

Harris and Wright’ and others have called attention to the occurrence 
of an associated homolateral tic douloureux. 

Two cases have been reported (Habel; Ehni and Woltman?) which indi- 
vated that the irritative lesion lay in the lower motor neurone. In each in- 
stance the hemifacial spasm, which had been established for several years, 

vas not affected by a supervening homolateral hemiplegia which included 
the face. 

While the exact incidence of aneurysms of the posterior fossa is unknown, 
it is recognized that they are not uncommon. Thus McDonald and Korb‘ 
found that in 202 of 1023 recorded cases the lesion involved the basilar or 
vertebral arteries. Dandy! reported 21 in this locality among 108 cases. Of 
these, 2 were large sacculations, 8 small sacculations and 11 were cirsoid. 
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Such an abnormality he described as an “S-shaped elongation of the basilar 
and/or vertebral arteries, with consequent lateral bulging that compresses 
either the fifth or eighth nerve or both.’’ Most of these were operative find- 
ings, having been associated with tic douloureux or Méniére’s syndrome. (He 
recorded no instance of hemifacial spasm.) In 9 of the 11 the bulge of the 
artery had been to the left. In each of our cases the disorder was left-sided. 

It is thus suggested that vascular disorders at the base of the posterior 
fossa may account for a proportion of the cases of the so-called idiopathic 
hemifacial spasm. More observations in this connection are highly desirable. 


SUMMARY AND CONCLUSIONS 


Two cases of hemifacial spasm associated with homolateral tic doulou- 
reux are reported. Each patient was operated upon by the suboccipital ap- 
proach and was observed to have a cirsoid aneurysm of the basilar artery. 

While but one autopsy study is available, the literature yields suggestive 
evidence that such vascular abnormalities in the posterior fossa may account 
for at least a certain number of these maladies. 
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INTRODUCTION 

HE importance of electroencephalography as a non-traumatic pro- 

cedure for the localization of intracranial lesions is becoming increas- 

ingly evident. The success of the procedure depends upon the care with 
which it is applied, upon the variations to which it is subjected for attacking 
different types of lesions present in different regions, and upon the possibility 
of building pieces of evidence obtained from recordings into one total pat- 
tern of interpretation. Interpretation, though it is an intellectual process 
which establishes interrelationship between different data, is in the final 
analysis dependent upon such data. An advance in interpretation would ob- 
viously be predicated in part upon the introduction of techniques that would 
furnish us with new data, and in part upon the availability of correlation of 
these data on the one hand and the clinical neurological, and neuropatho- 
logical findings on the other. 

Investigators® have placed on the skull 16 or 22 leads, and have used 
different types of monopolar” and bipolar recordings!:7:°!° for localization 
purposes. Some have preferred monopolar recordings,’ whereas others certain 
types of bipolar recordings which show a reverse phase relationship of slow 
waves near the lesion areas."':!?:!' Still others use both monopolar and bipolar 
recordings.!?:> It would be difficult to claim absolute success for any one 
standardized localizing method in all cases as the following variables are 
likely to show different degrees and types of electroencephalographic changes 
in the favored and non-favored leads; i.e., size, nature, rate of change, loca- 
tion and milieu of the lesion, and orientation of the lesion to the cortex and 
to the leads. It is not a question of how many leads are put on the skull that 
is important, but where they are put on. It is also important how the ab- 
normal electrical activity surrounding the lesion is brought into prominence 
differentially by a choice of electrode combinations in simultaneous record- 
ings of critical and non-critical areas. Bits of knowledge thus gathered form 
the basis of the final localizing evaluation. As in the neurological examination 
the two halves of the body are compared for strength and character of the 
reflexes, sensation, motor power, etc., so in electroencephalographic localiza- 
tion homologous areas of the two hemispheres, and distant or neighboring 
areas of the same hemisphere are compared. This comparison involves an 
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elaborate technique and a prolonged attempt at sorting the essential from 
the non-essential. 

The problem of a close and accurate localization of a lesion electroen- 
cephalographically resolves into the following aspects: 

1. Elimination of or correction for complicating factors as follows: 


a. 


b. 


Physiological and technical artifacts. (These will not be elaborated 
here.) 

The distance effect. In the comparison of homologous or hetero- 
logous areas, the high voltage of slow waves or other waves with 
long inter-electrode distance should not be considered per se to have 
greater localizing weight than the low voltage of slow waves or 
other waves with short inter-electrode distance. This is because of 
the general observation that normally the longer the distance be- 
tween the electrodes the higher the voltage, and conversely, the 
shorter the distance the lower the voltage. This principle applies 
only within certain limits, the reasons being that the four lobes of 
the brain have somewhat different voltage, and the relationship be- 
tween voltage and distance is not linear. For example, an increase 
of 2 em. beyond an 8 em. inter-electrode distance would not record 
as much voltage increase as a similar increase beyond a 3 cm. inter- 
electrode distance. The distance effect need not always be corrected 
for, especially when the situation is reversed, the high voltage of 
slow or other waves with short inter-electrode distance having 
greater localizing significance than the low voltage of slow or other 
waves with long inter-electrode distance. 

The effect of electrical spread of electroencephalographic signs to 
homologous areas (particularly in the frontal areas), to contiguous 
or distant areas that are not the main focus of structural involve- 
ment. 


. High voltage bilateral delta waves or bursts due to “idiopathic” 


epileptic changes (Fig. 1, strips 4, 5, and 6), prolonged high intra- 
cranial pressure, or conditions severely clouding the sensorium. 
Generalized slow wave bursts in monopolar or bipolar recordings 
that are likely to confuse the validity of important differential uni- 
lateral bursts of the same or similar types. This is particularly true 
of deep parasagittal gliomatous neoplasms, vascular lesions, or 
traumatic lesions having a slight preference for one side. 


Lateralization. 

Determination of antero-posterior extension, of medio-lateral exten- 
sion, of superior-inferior extension, or of parasagittal involvement. 
Determination of the size and nature of the lesion. 

An adequate solution of all these aspects of the localizing problem needs 
in the first place as many simultaneous comparisons of the involved and the 
non-involved areas as possible. Even so, one cannot be certain of consistent 
success or success on all counts. All these aspects cannot be attended to at 
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the same time; therefore, means for the solution of them, one after the other 
or two or more at a time, must be evolved. 

Using a 6-channel Grass electroencephalograph, we have introduced 
some special techniques. They can be used with a 3- or 4-channel machine 
also, though their scope is in proportion limited. In approximately one-third 
of 300 lesion cases including 193 brain tumors, one or more of the following 
special techniques have been applied and found to be of particular value. A 
statistical study of these cases will be reported later. 

TECHNIQUE 

Before the special localizing techniques are used, the routine electroen- 
cephalographic work-up is always done in the following manner (see Fig. 9 
for routine lead placements; leads 1 to 8 inclusive and 2 ear ground leads). 
Monopolar recording for 5 minutes on 6 channels simultaneously: 1-ground 
(parallel ground leads on both ear lobes), 5-g, 2-g, 6-g, 3-g, 7-g; bipolar push- 
pull recordings for 2 min. (no ground is used): 1-2, 5-6, 2-3, 6-7, 4-3, 8-7; 
bipolar and monopolar recordings for 2 min.: 4-2,2-6, 6-8, 4-g, 8-g. Then 2-g, 
6-g, 3-2, 7-g, 4-2, 8-6 for 2 min. followed by a hyperventilation period for 2 
min. (inspiration and expiration 30 to 35 times a min.) and a post-hyper- 
ventilation period for the same length of time. If one uses a 3-channel ma- 
chine, all types of monopolar and bipolar recordings (antero-posterior bi- 
polar, coronal bipolar in the interaural plane) can be used for variable 
lengths of time, provided each area figures at least twice in the total number 
of recording epochs, so that rare and yet important differential localizing 
signs are not missed. 

If electroencephalographic lesion signs (high voltage irregular 1 to 3 per 
sec. delta waves, sharp waves, etc.) are found in any one of the routine leads, 
or if the clinical neurological examination demands a localizing electroen- 
cephalographic study even though the routine electroencephalographic ex- 
amination does not reveal any lesion signs, additional leads, 12, 16 or more* 
are put on the skull (Fig. 11). In such a case hyperventilation is omitted or 
done at the end of a localizing work-up, provided there is no contra-indication 
to hyperventilation. Those homologous leads of the two sides that are most 
likely to show greater changes differentially are used for this purpose. A 
choice of such leads is therefore possible only after a localizing work-up. 
Usually the routine leads give an approximate idea of lateralization, or even 
of localization, but that is not often true. In 70 per cent or more of our cases, 
4-2, 2-6, 6-8 lead combinations give the first sign of a lesion in the temporal 

* A 24-point electrode box has been incorporated in the Grass machine instead of the usual 16-point 
box. When more than 24 areas are covered, some unimportant routine leads are used over again and 
marked prime, for example, 2’, 6’, etc., and put into the pin jack holes of the original 2, 6, etc., after 
those leads have been taken out of the box. The use of a regular 16-point electrode box can be extended 
in this manner, but the procedure is slightly more cumbersome than when a 24-point box is used. 

Our system of numbering the leads on the skull is not ideal. Any other system can be used. The odd 
numbers for routine and additional leads can be used for the areas of the right hemisphere, the even 
—" the corresponding areas of the left hemisphere, and either odd or even numbers for the mid- 
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lobe or a neighboring region when no such sign would be picked up in other 
routine leads. Hence the use of temporal leads routinely is quite essential for 
preliminary detection, even though there are temporalis muscle artifacts in 
them. Furthermore, positive localizing or lateralizing findings on a routine 
lead work-up including the temporal lead recording govern the decision as to 
which side or areas should be concentrated upon within the economy of 
available leads. 

Technique 1. The Alternate Unilateral Ground Lead Technique. Using one 
ear ground lead at a time, instead of two ear ground leads in parallel ex- 
clusively as is usually done, relative to the homologous areas of the two sides 
of the head (Fig. 9); for instance, lateral posterior temporal, lateral parietal 
and lower motor regions of both sides are first recorded with both ear ground 
leads, then with the right ear alone, and finally with the left ear alone. When 
only the right ear is used for ground, the potentials of these three areas of the 
left hemisphere are led across the interior of the brain and then through the 
right ear.* On the other hand, when only the left ear is used for ground, the 
potentials of the corresponding three areas of the right side of the brain are 
led across the interior of the brain and then through the left ear. In the first 
instance, the three areas of the right side, and in the second instance the 
three corresponding areas of the left side are not led across the same portion 
of the interior of the brain. This provides then a basis for comparison of the 
homologous areas of the two hemispheres relative to the electrodynamics of the 
interior of the brain.+ The same procedure is followed regarding the other 
localizing leads. (See Fig. 11 for the complete localizing leads.) (See com- 
ment.) 

This alternate unilateral ground lead technique as applied to the localiza- 
tion of a lesion is assumed to be based upon the physical principle that if a 
relatively weak alternating potential (of a non-involved region) is routed 
through or past a very strong alternating potential field (high potential 
region with reference to a lesion) the former will undergo a change and the 
magnitude of that change will vary inversely with the distance between the 
path of the first potential and the field and their relative orientation to each 
other. Whatever the neurophysiological mechanism of the origin, transmis- 
sion, or spread of the field, theoretically this principle is true, but practically 
there are sometimes aberrent unexplained changes or lack of expected 
changes when one records pathological potentials of the brain. Pending a 
definite verification of the above-mentioned physical assumption in terms of 
the known or changing concepts of neurophysiological happenings in the 
brain, we believe that the use of this technique has abundantly justified 
itself empirically when corrections are made for the distance effect or other 


* In this study instead of using the term potential difference between an active area and ear ground, 
terms like leading an active area through the ear ground lead have been used for simplicity. 

+ By interior of the brain reference is made to all those portions of the brain, both gray and white, 
either superficial or deep, through whick or past which the potentials of an active area are led in straight- 
line relationship to one of the ear ground leads or the nasal lead. 
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complicating factors. This technique emphasizes the survey of the third 
dimension by means of what we may call auro-spherical vectors (see later 
for explanation). 

The practical applications of this technique are: 

1. Partial elimination of the troublesome bilateral diffuse delta wave 
changes (single or serial) that are found in some types of lesion (unilateral 
temporal lobe lesion, as a glioma, or a glioma in a neighboring region, of 
abscess) even though they are confined to one hemisphere, when both ear 
ground leads are used in parallel. This technique is a definite aid in lateraliza- 
tion. 

2. Recording of changes surrounding a lesion at a certain depth of the 
cortex by leading relatively clear areas of one hemisphere through the contra- 
lateral ear lead across the interior of the brain or past the involved regions 
picking up on the way slow wave changes, thus determining the depth of the 
lesion (Figs. 8, 9, 12, and 13). Parasagittal tumors arising from the falx and 
extending into the parieto-motor areas have been localized by this technique 
in combination with the nasal lead-midline parietal lead technique (see be- 
low) when other leads have given only equivocal signs. 

3. Simultaneous comparison of homologous areas of the two hemispheres 
posterior to the coronal interaural plane with other homologous areas of the 
two hemispheres anterior to that plane is easily done, thus determining at a 
glance the extent of anterior or posterior extension of the lesion. 

4. Definite lateralization of a unilateral prefrontal or frontal lesion can 
be done. We have for some time observed lesions in one anterior frontal 
region show delta wave changes not only locally but also to a certain extent 
in the opposite anterior frontal region.’ Yeager" has also called attention to 
this fact. For example, in the presence of a right frontal tumor, the left ear 
ground lead used with the right and the left frontal areas at the same time 
will eliminate the possibility of a false parasagittal localization by almost 
suppressing the spread effect of the lesion waves from the right frontal to the 
left frontal area. In most cases of unilateral prefrontal neoplasm with its 
medial border closest to the midline this technique is better for lateralization 
than the usual coronal straight bipolar 3-channel recording of frontal areas 
(right lateral frontal to right frontal, right frontal to left frontal, left frontal 
to left lateral frontal, or similar recordings in the premotor coronal plane). 

If there is too great an amount of interfering eye muscle potential artifact 
in the frontal lobe localization, two leads (one on the upper lid and another 
on the lower lid of one of the eyes) fastened with adhesive tape or collodion 

‘an be used in push-pull fashion in one channel to determine whether or not 
eye potentials synchronize with the so-called slow lesion waves in the frontal 
areas. If they do, probably there is no localization, but if a frontal area shows 
delta waves when eyelid leads do not, a localizing sign should be suspected. 
By holding two balls of cotton over the two eyelids with equal pressure the 
artifactual eye potential changes can be suppressed, but one cannot always 
be sure whether or not the pressure is the same on both eyes. If it is not, 
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artifactual slow waves might appear in one frontal area and not in another 
due to unequal movement of the eyes under the cotton balls, thus giving a 
spurious localization. 

As mentioned above, the alternate unilateral ground lead technique is 
helpful in temporal lobe localization. For instance, if the left temporal lobe 
is markedly involved, then the leads overlying or adjacent to that lobe will 
show slow waves (their proportion dependent upon the proximity to the area 
of greatest involvement) when led through the right ear alone, whereas the 
corresponding areas on the right side led through the same ear will be at that 
time entirely or relatively free from such waves. Now if the same left- and 
right-sided areas are led through the left ear alone, all of these areas of the 
right and the left side will exhibit slow wave changes. The reason is that the 
left ear lead then is not an indifferent lead but a “contaminated” active lead 
and potentials passing through that lead are affected. This occurs even in the 
left hemispheric leads which are at a shorter distance from the left ear than 
the right hemispheric leads. Here the short distance does not suppress the 
voltage of the slow waves to the degree expected in normal circumstances, 
and hence this effect is of localizing value. If the lesion is not exactly in the 
left temporal lobe but contiguous to or more or less medial to it, the slow 
wave change of the left temporal lobe leads relative to the left ear will be 
less than when the left temporal lobe is markedly involved. On the other 
hand, the areas of the right temporal lobe being led across the involved 
medial border of the left temporal lobe and through the left ear will show 
more delta wave changes than the corresponding areas of the left temporal 
lobe connected to the ear of the same side. These facts taken together (after 
the distance effect is corrected for) establish the extension of a lesion from 
the temporal lobe border to the medial regions. Some idea is also obtained 
about its depth. 

Technique 2. A Nasal Lead is Employed in Push-Pull Fashion in Connection 
with Midline Leads or Leads of the Two Hemispheres. The nasal lead is fastened 
toa point midway between the bridge and the tip of the nose with two or three 
strips of adhesive tape or collodion. This technique is of value for the follow- 
ing reasons: 

1. Being a point equidistant with relation to homologous areas of the two 
hemispheres and being rather distant from any suspected area, it is some- 
times of help in the simultaneous comparison of such areas. 

2. Deep lesions in the middle or anterior fossa and sometimes in the pos- 
terior fossa show differential slow wave changes in the occipital protuber- 
ance lead, midline parietal lead, or midline motor lead, or other leads placed 
at different heights of the skull on either side when connected with the nasal 
lead, though these latter regions themselves are not involved (Fig. 13, strips 
1 and 2). The appearance of these changes will depend upon the straight-line 
relationship between the hemispheric leads on the one hand and the nasal 
lead on the other in reference to the high potential region, and to what extent 
this region is in the way of that straight line. 
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3. When a posterior or anterior part of an affected frontal region is con- 
nected with the nasal lead in push-pull fashion through one channel, and 
simultaneously the same region is connected with one of the ear ground leads 
through a second channel (technique 1) and with another of the posterior 
region leads in push-pull on a third channel, it is oftentimes easy to deter- 
mine by comparison of the amplitude and incidence of slow waves from these 
simultaneous recordings whether the lesion is more toward the prefrontal 
than toward the premotor or motor area and whether it leans toward one 
side or the other (Fig. 11, strips 11 and 12). This is a simultaneous three- 
dimensional survey. 

4. A parasagittal lesion in the anterior region or in the interaural plane is 
localizable by observing the differential changes as between some or all of 
the midline leads on the one hand and the right and left hemispheric leads on 
the other recorded simultaneously with relation to the nasal lead. The next 
point confirms this localization. 

5. By connecting either of the two upper middle zygomatic arch leads 
with the nasal lead (push-pull) on one channel, with the contralateral ear 
lead (ground) on the second channel, and by using simultaneously on other 
channels midline leads with the nasal lead or midline leads with one of the 
ear leads, some idea can be obtained concerning the depth and the lateraliza- 
tion of a lesion, especially of the frontal areas (partially illustrated in Fig. 
13). This is another illustration of depth localization by what we may call a 
system of spherical vectors, not used before to our knowledge for the purpose. 
By spherical vectors we mean directed lines within a sphere which locate a 
point or a mass within that sphere with reference to points on the surface of 
the sphere. The cranial cavity is roughly taken as a sphere though it is not 
strictly so. The term spherical coordinate can be loosely used in place of the 
term spherical vector, but the former has an established connotation: spheri- 
cal coordinates give the position of a point within a sphere in terms of two 
angles and a distance from the center, which is strictly not the case here. 

Parasagittal lesions have always been difficult to localize because: (1) 
Their electroencephalographic signs are extensively bilateral, thus likely to 
be confused with indications of a generalized non-focal condition, or (2) Their 
electroencephalographic signs are inadequate for differential evaluation when 
they arise from homologous hemispheric leads contiguous to the lesion. To 
our knowledge, midline leads are not used in conventional localizing pro- 
cedures. The nasal lead technique used with the midline leads and hemis- 
pheric leads (i.e., nasospherical vectors) supplies a real need in parasagittal 
localization. 

It should be emphasized that with the use of nasal and upper zygomatic 
arch leads eye potentials and twitching of the nose are often sources of very 
troublesome artifacts. Slow wave phase reversals between two zygomatic 

leads used monopolarly are often seen as such artifacts. In such cases these 
leads should never be depended upon. At least one frontal lead and an un- 
involved distant hemispheric lead should always be kept in connection with 
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the nasal lead for a control observation of eye potential artifacts and correc- 
tion for the distance effect. 

Technique 3. Common Bipolar Lead Technique. This involves the use of a 
middle parietal lead or a vertex lead, provided it does not overlie an involved 
area, in push-pull fashion in connection with homologous areas of two sides 
posterior and anterior to the coronal interaural plane or near it. The vertex 
lead can be used in connection with different leads on the same side (in such 
a case correction for distance effect or areal peculiarities must be made). The 
vertex lead would then be a center, and other connecting leads would act as 
radiating lines, though all of them would not have the same distance. This 
technique is a modification of the technique used by Case and Bucy’ and 
Glaser and Sjaardema.® The vertex-posterior temporal, vertex-lateral parie- 
tal, and vertex-lower motor regions of both sides can be recorded simultane- 
ously on 6 channels. Then vertex-anterior temporal, vertex-premotor, vertex- 
zy goma of both sides is utilized. Next vertex with some of the posterior areas 
and vertex with some of the anterior areas can be recorded simultaneously. 

This technique is of value when employed alone or simultaneously with 
other techniques for two reasons: 

1. Since the vertex lead is equidistant in reference to the homologous 
leads of the two hemispheres, it is not necessary to correct for the distance 
effect upon such leads as in alternate unilateral ground lead technique. 

2. Keeping the vertex lead common or constant, one can assess simul- 
taneously the decreasing or increasing amplitude or incidence of slow waves 
anteriorly vs. posteriorly, or laterally vs. medially. Concerning very deep 
midline lesions (callosal or sub-callosal), the value of this technique is at 
times small unless it is used as an accessory to the alternate ground lead or 
nasal lead techniques, since such lesions show either bilateral changes or very 
minimal non-differentiating changes in the skull leads. However, the vertex 
lead technique has been found to be useful in localizing left parieto-occipital 
gliomas extending to the depth of the corpus callosum by the observation of 
local unilateral delta waves superimposed upon bilateral changes associated 
with callosal involvement. 

The advantage of this common vertex bipolar technique over coronal 
right to left straight bipolar recording (one dimension) or antero-posterior 
straight bipolar recording (second dimension) in the conventional 16- 
electrode diagram of the skull is that the former has the capacity of compar- 
ing the leads in two dimensions simultaneously, rather than one dimension at 
a time as in the conventional procedure, even though two interhemispheric 
diagonal recordings are used in the latter. This does not mean that one- 
dimensional bipolar recording (antero-posterior, then coronal latero-medial) 
serially is at times not indicated or not useful. 

We realize that the two-dimensional survey can locate a mass or lesion 
present in the third dimension, but because of the very nature of the tech- 
nique the third dimension cannot be adequately explored by it. However, 
when the two-dimensional survey is reinforced simultaneously by the survey 
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of the third dimension as exemplified in the alternate unilateral ground tech- 
nique and the nasal lead technique, the procedure is of greater help in locali- 
zation. The third dimension is surveyed, as mentioned before, by spherical 
vectors, with two fixed points—one or the other ear lead and the nasal lead 
(disregarding the direction of the potentials in reference to the vector “‘ar- 
rows’). The spherical vectors are directed lines (1) between one or the other 
ear lead and the hemispheric leads or midline leads, and (2) between the nasal 
lead and the hemispheric leads or midline leads. These two types of vectors 
‘an intersect or nearly intersect. The useful localizing vectors are those which 
by intersecting with each other or by remaining free lines show the most delta 
wave changes revealing the depth and the spread of the lesion. 

Triangulation, which in ordinary recordings is a variant of the two- 
dimensional survey, is of definite value in localization,’ but when there are 
wide-spread bilateral slow wave changes in the skull leads, long-distance 
triangulation is often useless or at least inferior to other methods. This is 
also true of short-distance triangulation. However, when the slow waves are 
scattered over one hemisphere or a large part of it as with infiltrating gliomas, 
a short-distance triangulation has its value. In such cases triangulation be- 
tween three leads approximately 5 em. apart in the posterior region, then 
another similar triangulation in the parieto-motor-temporal region and an- 
other one in the anterior region would probably bring out the 180 degree 
reversal of phase of delta waves of highest voltage or sharp waves in the 
neighborhood of the most involved area. In comparing these three sets of 
triangulation or any closely compact sets of triangulation for phase reversal 
of delta waves, two facts need be remembered: first, the sides of the triangle 
or triangles that are compared should be approximately equal in length es- 
pecially when comparing delta waves; secondly, a genuine phase reversal 
should not be confused with an instrumental phase reversal. Sometimes two 
leads in the lesion area may show genuine phase reversal when compared 
with two leads in an area at its proximate border (Fig. 11, strips 11 and 12). 
Also occasionally the normal temporal lobe may show some delta or sharp 
waves genuinely reversed in phase compared to similar waves coming from 
the involved temporal lobe. 

At times triangulation has a negative value. If, for instance, a short- 
distance triangulation (5 em.) between the right premotor area, the left pre- 
motor area, and the midline frontal area, shows some minor low voltage slow 
waves, but no clear phase reversals as between any two of the three leads, it 
is likely that the lesion is not immediately subjacent to these leads. When 
this sort of triangulation is simultaneously used in combination with the 
recording from an upper zygomatic arch lead led through the contralateral 
ear ground across the brain, the presence of a deep lesion in the frontal region 
may be revealed, if there is one present. Pituitary adenomas are difficult to 
localize even with the use of this technique. Rare or occasional changes in 
some cases of pituitary tumor, however, betray their presence when this 
technique is applied (see Fig. 8). 
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In summary, the order of localizing work-up is as follows: 

1. Routine work-up. ; 

2. Use of technique 3 (common bipolar vertex lead recording in connec- 

tion with all the localizing and some routine leads). 

3. Use of antero-posterior bipolar recordings of homologous localizing 
leads of both sides. 

4. Use of technique 1 (alternate unilateral ground lead recordings in con- 
nection with localizing leads). 

5. Use of technique 2 (nasal lead push-pull recording in connection with 
the midline leads, occipital protuberance lead and other hemispheric 
leads according to estimated need). 

6. Combined use of these techniques in different lead combinations as 
necessary to bring out differential changes in critical areas as com- 
pared to non-critical areas. A combination of simultaneous two- and 

; three-dimensional survey is emphasized here. 


RESULTS 
The following neoplasms have been selected from a large series to illu- 
strate the use of the above-mentioned techniques. 


Case 1. L. W. was a 32-year-old white male admitted to the University Hospital on Aug. 6, 
1942, with the story of bilateral anosmia of 3 years’ duration, amnesic spells, and generalized 
C grand mal convulsions at infrequent intervals for the past 2 years. During the 6 months pre- 
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on vious to admission, he had experienced increasing nervous irritability and failing memory. 
to Examination revealed bilateral choked disk, bilateral anosmia, and a questionably slight in- 
5 crease in the response of the deep tendon reflexes on the left. 
; in 


Electroencephalographic analysis was interpreted as showing a right-sided frontal lesion 
this (Figs. 1 and 2). 


A ventriculogram and an arteriogram showed questionable right frontal localization. At 
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operation a large, predominantly right-sided olfactory groove meningioma was removed 
(Figs. 3 and 4). 
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Fic. 3. Case 1. Ventriculogram showing suspicious blunting of tips of frontal horns (brow-up pro- wav 
jection). Gas in suprachiasmatic region suggestively outlines posterior extension of mass in anterior fron 
fossa. The hyperostosis frontalis had no relation to the neoplasm. Not definite. wav 
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Fic. 4. Case 1, Arteriogram showing suspicious upward and posterior displacement 
of right anterior cerebral artery. Not definite. 


Explanation of Fig. 1 


In this case routine leads were placed on the skull in addition to one lateral prefrontal on 
each side of the head. Our special localizing techniques were not used in this case. Note oc- 
casional 3 per sec. lesion waves in the right lateral frontal and right frontal areas but not in 
the left frontal area (monopolar recording with parallel ground ear lead). It was suddenly 
noticed (strips 4, 5, and 6) that from the right and the left side of the frontal areas slow waves 
were developing. At that time straight bipolar recording was done as between right mid- 
temporal to right lateral frontal, right lateral frontal to right frontal, and right frontal to 
right motor. These waves came with increasing amplitude and slow wave lengths for about a 
minute during which time the patient was lying quietly on the stretcher. 


Explanation of Fig. 2 


At this time the patient had a psychomotor seizure. He attempted to sit up on the stretcher, 
looked confused, and said, ““Why am I here? Give me a cigarette.” He was reassured and 
coaxed to lie down upon the stretcher. He did not remember this episode and answered on 
questioning that he felt all right. He was allowed to smoke. The lower 8 strips of this figure 
were taken on the same leads 16 min. following the upper 3 strips. The patient had been talk- 
ing normally immediately before the lower strips were taken. Note the high voltage delta 
waves from the right lateral frontal and right frontal reversing their phases at the right 
frontal lead. No such waves are found in the left frontal lead. On the basis of sporadic delta 
waves before the spell and the remarkable continuous change lateralized some time after the 
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spell, it was concluded that there was a lesion in the right frontal region. At this time no 
special techniques as set forth in this paper were used. The antero-posterior extension and 
the depth of the lesion could not be determined in consequence. 


Case 2. M. W. was a 43-year-old white female admitted to the University Hospital on 
May 29, 1943. She had experienced severe daily headaches for 5 months previous to admis- 
sion. Examination disclosed early choked disk O.U. with a questionable right homonymous 
field defect. There was some minimal increase in the deep tendon reflex activity on the right 
side. There was a positive extensor plantar response on the right. 

Routine skull x-rays were normal. 

Electroencephalographic analysis disclosed a left occipital localization (Fig. 5). 

Ventriculography and arteriography were not satisfactory for definite localizing purposes 
(Fig. 6). 

At operation a left occipital pole endothelial sarcoma was removed. 
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Fic. 5. EEG in Case 2. Bipolar recording. Leads and calibration are as indicated. 


Explanation of Fig. 5 
y ) g 


The electroencephalogram shows the presence of 1.5 to 2 per sec. delta waves in reverse 
phase in the left occipital area (first 2 strips) but not in the same area on the right side (the 
last 2 strips). Only routine leads were placed on the patient in addition to 2 posterior leads in 
the lateral parietal area, one on each side. At that time no special techniques were used for 
localization. No idea was obtained concerning the depth of the lesion or its exact location. 


Case 3.5.5. was a 49-year-old white male admitted to the University Hospital on June 11, 
1946, with a history of failing vision O.S. of 5 years’ duration which had progressed to total 
blindness O.S. at the time of admission. During the year previous to admission he had begun 
to experience diminution in visual acuity O.D. On admission visual acuity O.D. was 6/30 and 
there was a temporal hemianopic defect O.D. He had experienced severe frontal a 
for several months 4 years previous to admission, but had had no headache for the 3-yea 
period preceding admission. Three months before admission he had developed typical diabe eed s 
insipidus. Fasting blood sugar determinations were normal. 

X-rays of the skull showed extensive intrasellar erosion (Fig. 7). 

Electroencephalographic analysis of rare changes disclosed deep frontal localization with 
equal preference for both lobes (Fig. 8). 

At operation a chromophobe adenoma of the pituitary gland was found invading the 
frontal lobes. 
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Fic. 6. Case 2. Ventriculogram of poor diagnostic value due to inadequate amount of gas 
filling the system. Vestibule of left ventricle is displaced anteriorly. 





Fic. 7, Routine roentgenogram of skull in Case 3 showing total intrasellar type of erosive de- 


struction produced by large chromophobe adenoma of pituitary which had burst through diaphragma 
sellae and infiltrated surrounding regions. 
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Fig. 8. Case 3. ERG on right, and diagrams on left. Stippled area indicates the lesion. 








ELECTRODE DIAGRAM 


Explanation of Fig. 8 


The 6 upper strips were taken simultaneously as were the lower 6 strips. Nasal lead, 6’, is 
put within parenthesis in the lesion diagram because it is anterior to the coronal section 
through the premotor area. There are some spikey waves, some irregularity of the amplitude 
modulation, scattered slow waves and low voltage fast activity in the total period of record- 
ing; otherwise the pattern is not too abnormal. Note that when the midline premotor area, 
2’, is led in push-pull fashion through the nasal lead, 6’, it shows (3rd strip) slightly more un- 
dulations and slow wave changes than when the same area is led through the right ear alone 
simultaneously (6th strip). Area 12, when led through the nasal lead alone, 6’, (9th strip) or 
through the right ear alone (12th strip) shows a sudden high voltage slow wave burst. Areas 
13 and 14 when led through the nasal lead, 6’, show only minimal slow wave change (strips 7 
and 8) synchronous with but of much lesser voltage than area 12-right ear or area 12-nasal 
(strips 9 and 12). However, these areas (13 and 14) show hardly any simultaneous changes 
when led through the right ear alone (10th and 11th strips). The above-mentioned bursts 
occur only a few times during the entire record in other favored leads. 

The minor and rare evidences present differentially in the electroencephalographic record 
(see Fig. 8) have been interpreted as probably suggesting the presence of a lesion situated 
anteriorly, deeply, and in the midline. Fig. 7 shows the routine skull roentgenogram indicating 
the presence of the lesion. 


Case 4. R. F. was a 52-year-old white male admitted to the University Hospital on Aug. 
16, 1946. For 6 months he had had “fainting” spells which were actually grand mal convulsive 
seizures. Following each seizure it was noted that there was some transient weakness of the 
left arm. He had had 6 of these attacks. On examination he exhibited mild confusion, loss of 
memory, and emotional instability. There was bilateral choked disk with hemorrhages and 
exudates. There was a central type of left facial weakness. Extensor plantar response was 
present bilaterally. 
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Electroencephalographic analysis disclosed a right frontal premotor localization, not 
deep with sparing of the temporal lobe (Fig. 9). 
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ELECTRODE DIAGRAM 


Fia. 9. Case 4. EEG on right, and diagrams on left. Stippled portions 
of diagrams indicate locus of the neoplasm. 


A ventriculogram demonstrated a right posterior-inferior frontal space-occupying lesion 
(Fig. 10). ; 


At operation a right sphenoidal ridge meningioma was removed. 


Vaplanation of Fig. 9 

The upper 6 electroencephalographic strips were taken simultaneously as were the lower 
6 strips. These strips partially illustrate the alternate unilateral ground lead technique. Note 
the high voltage slow waves superimposed with alphas and sub-alphas in areas marked 13, 
11, and 18’ (strips 1, 2, and 3) when they are led across the lesion, and the high potential re- 
gion through the right ear lead only (upper left diagram). Strips 7, 8 and 9 record waves of 
the same regions, 13, 11, and 18’, when they are led through the left ear alone. Note then that 
the waves of 13 and 11 are slightly less in voltage, particularly from area 18’. When 18’ skirts 
the high potential field (middle diagram), it shows much less slow wave change as it is led 
through the left ear (strip 9) than when it goes across the high potential region (upper left 
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diagram) being led through the right ear alone (strip 3). Note also that the left upper zygoma 
lead, 10, and the left anterior temporal lead, 14, when led through the right ear alone (upper 
left diagram) do not show as much slow wave change skirting the high potential field (strips 
5 and 6) as the areas 13, 11, and 18’ going across the field and through the same ear (strips 1, 
2, and 3). This is so in spite of the shorter distance between the second group of leads and the 
right ear than the first group of leads and the same ear. The fact that leads 9, 13, 11, and 18’ 
are close to the tumor region and show marked slow wave changes is only partially true be- 
cause even a left hemispheric lead in the premotor area such as lead 12, which is quite a dis- 
tance away from the involved region, shows the same slow wave changes as leads 9, 13, 11 
and 18’ if led across the involved region and through the right ear alone. This particular re- 
cording is not shown here. The last two strips, 11 and 12, illustrate how the left frontal area 





Fic. 10. Case 4. Ventriculogram showing marked displacement of ventricular system to the left 
particularly the right frontal horn and third ventricle. 


(5) which showed occasional confusing marked slow wave changes (not shown) when parallel 
ground leads were used and when used bipolarly with other distant leads, shows only minimal 
changes when led through the left ear alone. The right frontal lead, 1, exhibits pronounced 
change in contrast when led through the left ear lead alone (strip 11). This helps to eliminate 
false parasagittal frontal localization. 

Using the general and the specific techniques, it is found that the lesion particularly in- 
volves the areas marked 1, 13, 11, and 9. Area 18’ was partially eliminated from consideration 
(strip 9). Two short-distance triangulations between 1, 13, 11, and 9 were done (not shown) 
indicating clearer reversal of phase of slow waves at lead 1 although the distances between all 
leads were about the same. Then by using the nasal lead, 20, bipolarly with lead 1 (not shown), 
the slow wave changes were found to be occasionally less than when lead 1 was used with 
other leads simultaneously (e.g. lead 19 or other closer leads). This indicates that the lesion is 
not immediately subjacent to lead 1 but quite close to it, that it is more towards leads 13 and 
11 than lead 20. Formerly it was found that 4-2 lead combinations rarely showed any signifi- 
cant change. From all these bits of evidence it was concluded that the lesion was located in 
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the right fronto-premoior area, not immediately subjacent to lead 1, that the temporal lobe 
was spared, and that it was subcortical but not deep enough to involve the corpus callosum 
or other deeper regions. If it were quite deep, area 14 when led through the right ear would 
have shown more slow wave changes than it actually did (Fig. 9, strip 6), since the path of the 
potential traverses deeper cortical areas, the corpus callosum, and sub-callosal regions. 


Case 5. L.D. was a 41-year-old white male admitted to the University Hospital on Aug. 26, 
1946. He had a 7-week history of headache, blurring of vision, loss of memory, confusion and 
paresis of the right arm and leg. All had been rapidly progressive. Examination disclosed ex- 











” ated 
he te 
3 , \ ee 
ss “« 
“o os oF 
S'Gnr tan 
——-T- ———=if LEFT EAR 
£a0 atao 
“ ” 22 20 «62 
: | BA nS ee o~ ees ‘ 
‘wos 
i - 20 a ee 
Ne —vw a 
ELECTRODE OIAGRAM 2-0 


Fia. 11. Case 5. Electrode diagram and EEG. The upper 6 strips 
were taken simultaneously as were the lower 6 strips. 


treme drowsiness, bilateral choked disk, and paresis of the right arm and leg. X-rays disclosed 
extrasellar erosion. 

Electroencephalographic analysis was interpreted as showing a deep parasagittal frontal 
premotor chiefly right-sided localization of an infiltrating neoplasm (Figs. 11, 12, and 13). 

A ventriculogram was interpreted as showing questionably two lesions, one parasagittally 
situated on the left and another in the inferior right frontal region (Fig. 14). 


At operation an extensive parasagittal callosal and right frontal glioblastoma multiforme 
was disclosed. 





Explanation of Fig. 11 


The use of a common bipolar lead at the midline parietal region, 18, connected with the 
posterior and anterior leads on homologous areas is shown. The first 4 strips immediately rule 
out the presence of a cortical lesion posterior to the interaural plane (parietal, occipital and 
posterior temporal regions) and rule in the presence of a lesion in the right frontal region, 
lead 1, and equivocally in the left frontal region, lead 5 (5th and 6th strips). The 9th strip 
again proves the lesion to be in the right anterior region, probably laterally and not medially. 
The 7th and the 8th strips indicate that the lesion is probably not on the surface in the right 
or in the left hemisphere (see explanation of Fig. 12). The combination of the 11th and 12th 
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strips (right frontal with a posterior lead and the same region with the nasal lead) suggests 
a choice between the anterior or posterior extension of the lesion in reference to lead 1. (It 
is assumed from previous recordings that lead 18 was not involved and of course the nasal 
lead, 21, could not be involved). The amplitude difference in the 11th and the 12th strips is 
due to the long-distance effect (18-1) and short-distance effect (21-1). The 180 degree phase 
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Fia. 12. Case 5. Lesion and electrode diagram on left, and EEG on right. The upper 6 strips 
were taken simultaneously as were the lower 6 strips. 


difference of high voltage slow waves as between 18-1 and 21-1 is genuine and not instru- 
mental. It suggests that the 21-1 line of potential skirts the anterior border of the high po- 
tential region which is established by 18-1 and other neighboring leads to be present slightly 
posteriorly or laterally. From these electroencephalographic strips it is possible to say that at 
least some part of the lesion is more toward the premotor region than the frontal pole. 


Explanation of Fig. 12 


The electroencephalographic strips 1 and 2 of Fig. 12 show in common bipolar recording 
that the slow waves were present in bilateral premotor areas. Strip 3 shows definitely that the 
left anterior region is involved. Strip 4 shows that the deep parasagittal region is also involved. 
Strips 5 and 6 in combination suggest that probably the lesion is more toward the premotor 
region than the frontal pole, but this evidence is not as strong as that presented in strip 12 
shown in Fig. 11. Strips 7, 8, and 9 show results of triangulation, giving a 180 degree phase 
reversal of slow waves in lead 16’ but not in leads 19 or 20. The latter fact suggests that the 
lesion is near 16’, and that either there is a likelihood of a cancelling-out effect in push-pull as 
between two homologous areas 19 and 20 or that the lesion is not immediately subjacent to 
19 or 20. Strip 10 (lead 22-left ear) shows some slow wave changes but not as marked as in 
strip 3, indicating variable performance of the same lead. Strip 12 definitely suggests that 
lead 5 is involved when led through the left ear. This corrects the previous impression (Fig. 
11) that the lesion existed only on the right side and confirms the impression gained from other 
strips that the left side was also involved. 
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Explanation of Fig. 13 


The first strip of Fig. 13 shows that slow waves are found in the occipital protuberance 
lead 17 and the midline parietal lead when they are led across the interior of the brain through 
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Fic. 13. Case 5. Right lower skull diagram shows position of leads on left side and position of 
& £ 


lesion as interpreted from ventriculogram (Fig. 14), though it gives the false impression that it is on 
the surface. 





Fic. 14. Case 5. Ventriculogram showing displacement of ventricular system compatible with a 
parasagittal lesion predominantly left-sided, and displacement of right frontal horn and third ventricle 
to the left compatible with a right inferior frontal lesion. 
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the nasal lead picking up slow wave changes from the involved regions in the depth of brain, 
though in themselves the occipital protuberance and midline parietal areas are clear (not 
shown here). The 3rd strip suffers from short-distance effect; nevertheless it shows some 
changes. Because of the distance effect it is not strictly comparable to the 4th strip though 
9 and 10 are homologous areas. The 4th strip indicates that when the upper left zygoma, 
lead 10, is recorded through the right ear lead it picks up slow wave changes from the interior 
of the brain indicating that the lesion has depth extension or deep spread effect. Strip 5 
indicates minor changes, but strip 6 leads the left premotor area potentials across the interior 
of the brain through the right ear bringing out some prominent slow waves. Though distances 
between lead 19 to the right ear and lead 20 to the right ear are not comparable, this dis- 
crepancy is not enough to minimize the value of slow waves in the lead 20-right ear recording. 

From all electroencephalographic evidences gathered from different types of recording 
(Figs. 11, 12, and 13) and in spite of the clinical evidence of a left-sided lesion, it was con- 
cluded that the lesion was a parasagittal one involving the fronto-premotor area, lying more 
toward the premotor region than the frontal pole and having a definite preference for the 
right side, that it was a large lesion having very deep extension, and that probably it was an 
infiltrating and edematous neoplasm. 

This conclusion arrived at from electroencephalography was corroborated by the ventric- 
ulographic and operative findings. 


COMMENT 


In Cases 1 and 2 only certain phases of the conventional localizing tech- 
niques have been used. Depth and precise extent of a lesion cannot accu- 
rately be determined by this method. In Cases 3, 4, and 5 a combination of 
the special techniques discussed has accurately revealed not only the depth 
but the antero-posterior extent of the lesions as well. 

Irregular high voltage 1 to 3 per sec. delta waves are usually associated 
with a neoplasm. These waves are supposed to arise from the cortex, al- 
though a lesion may be some distance away from it, indicating the influence 
(mechanical, vascular, ete.) of the lesion on the neighboring brain tissue and 
therefore upon the spontaneously beating cortical cells. 

The question is not settled, however, as to whether the ionic disorganiza- 
tion surrounding a lesion is relayed to the cortical cells presenting an electro- 
encephalographie picture in which the original cellular beats become only 
graphically masked, or whether such disorganization intrinsically changes 
the beat of the cortical cells themselves. 

All localizing electroencephalographic techniques assume the presence of 
ionic disorganization without inquiring into the mechanism of its origin, 
transmission, or spread, and only attempt to utilize it for detecting the 
involved areas. The three-dimensional technique empirically facilitates this 
detection by directing the spherical vectors through the areas in which the 
ionic disorganization (delta waves) originates or into which it strongly 
spreads. If the delta waves did not spread three dimensionally, skull leads 
could not pick them up, arising as they do in the cortex below. 

Much more work is necessary before it is possible to predict accurately 
the nature of the lesion causing ionic disorganization though at times some 
idea is obtainable from the electroencephalogram alone as to the broad 
classifications into which the lesion may fall pathologically. 
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SUMMARY 


A three-dimensional system of localizing electroencephalographic tech- 
niques using alternate unilateral ground lead, common bipolar lead, and 
nasal lead individually or in combination is described. These special tech- 
niques have been of particular value in narrowly localizing different types of 
lesions, including parasagittal lesions and lesions of varying depth. The 
techniques are illustrated by a few cases culled from a series of 300 cases 


(193 verified brain tumors) in which electroencephalographic localization 
utilizing the techniques discussed has been done. 


We are indebted to Mr. Albert M. Grass, consulting engineer and creator of the Grass 
electroencephalograph, and to Dr. Paul S. Dwyer, Professor of Mathematics, University of 


Michigan, for comments and criticisms, and to Misses Mary Vogel, Rose Arcuri, and Phoebe 
Aurell for technical assistance. 
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HIS investigation of the possible toxic effects of streptomycin on the 

central nervous system was prompted by recent observations of the 

untoward reactions of penicillin.®,"! The convulsive threshold of strep- 
tomycin has been determined in rabbits, dogs and monkeys (Macacus 
rhesus). This information should serve as a guide in the future clinical use of 
streptomycin. The results confirm and amplify the report of Walker and his 
coworkers.!° 

METHODS 


The effects of the cortical application of streptomycin were determined after prior prepa- 
ration of adequate approaches during surgical anesthesia. Various arrangements of openings 
were made over the premotor, motor and occipital cortices of 33 rabbits, 8 dogs and 4 monkeys. 

In rabbits analgesia of the scalp was accomplished by infiltration of the operative area 
with 1 per cent procaine solution. Burr holes then were made over the motor cortex on each 
side of the skull approximately 1 cm. from the midsagittal line. 

Sodium ethyl (1-methyl butyl) thiobarbiturate (pentothal sodium) was used for anes- 
thetization of dogs, and openings in the skull were made bilaterally over all three of the 
designated cortical regions at an estimated distance of 1.5 em. from the midline. Brass screws 
of lengths approximating the thickness of the skull were inserted in the burr holes of some of 
the animals which were to be used in repeated tests. Each screw had a central hole just large 
enough to permit passage of a No. 26 gauge hypodermic needle. 

Diethyl ether, administered by open technique, was used as the anesthetic agent for the 
monkeys. Burr holes were made over the corresponding cortical regions and at approximately 
the same distance of 1.5 cm. from the midline as in the dog. 

Acute experiments with all three species were performed by inserting a bent, blunt 26 
gauge needle under the dura mater by direct vision and then applying a solution of strepto- 
mycin upon the cortex of the selected exposed region. The burr hole then was plugged with 
bonewax. In chronic experiments the application was made with a blunted 26 gauge needle of 
a length previously determined just to reach through the central hole of the brass screw and 
to permit administration of the drug wpon rather than into the cortex. To reduce the possi- 
bility of an increase in intracranial pressure the total volume of fluid injected usually was less 
than and never exceeded 0.5 cc. and applications were made over a 30-second interval. 
Following any injection the animals were watched continually for at least 2 hours and then 
for the next 24 to 48 hours periodic observations were made. 

Convulsions were determined by such direct inspection, and on 3 of the monkeys EEG 
recordings were made to determine alterations in cortical activity. For the latter tests an 
intravenous administration of a curare solution was made, after which an endotracheal tube 
or rubber catheter was placed in the trachea and through it artificial respiration was main- 
tained to provide adequate oxygenation throughout the test. 





* Aided in part by a grant from the Wisconsin Alumni Research Foundation. 
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The effects of different types of streptomycin were tested by using either the sulfate or the 
hydrochloride salt. Dilution was made with normal saline solution or sterile distilled water. 
Primarily the dilution was such that 5 mg. of active streptomycin was contained in 0.1 cc. 
of solution. As the study progressed and higher concentrations of the drug were desired, the 
dilution was made such that 20 mg. were contained in 0.1 ce. of solution. With such a con- 
centration of the drug the total volume of fluid administered was kept at or below 0.5 ce. 

To compare the relationship of any convulsive effects of streptomycin to its bactericidal 
properties, various attempts were made to inactivate the solutions of the drug. Inactivation 
proved to be surprisingly difficult. The methods employed were: (1) autoclaving solutions at 
250°F. and 15 pounds pressure for one hour on 5 successive days. This procedure turned the 
pale yellow solution to an intense dark brown color. One sample still contained a potency 
of 60 mg./ce.; a reduction from the original 200 mg./cc. The antibiotic potency of all the 
streptomycin solutions was determined by the serial dilution method with a strain of Bacillus 
subtilis having a sensitivity of 0.3u/ce.9 (2) Semi-carbazide hydrochloride in concentrations 
of 60 mg./ce. added to streptomycin solution containing 200 mg./cc. completely inactivated 
the antiobiotic after being in contact with it for several days.’ (3) Cysteine hydrochloride, 
400 mg./ce., completely inactivated streptomycin solution containing 200 mg./ce. Cysteine 
hydrochloride in a concentration of 3 mg./ce. did not inactivate it.4 


RESULTS 

In rabbits, 10 to 15 minutes after an injection there was a decrease in 
general bodily activity. This was followed by adversive head movements to 
the side opposite that of the cortical application of the streptomycin. There 
then ensued focal seizures of myoclonic jerking of the contralateral ex- 
tremities lasting for several hours. Finally, there was a period of post-con- 
vulsive weakness of 12 to 24 hours’ duration. This type of response to 
streptomycin was classified as a minor seizure. 

Major seizures were those in which the phase of adversive head move- 
ments was followed by extreme hyperirritability simulating strychnine 
convulsions. Generalized tonic-clonic seizures of status epilepticus duration 
occurred. There was extreme vocalization and cart-wheel bodily gyrations 
succeeded by intervals of exhaustion. The marked seizure pattern frequently 
returned spontaneously or was resumed by the stimulation of merely touch- 
ing the animal. In 4 of 6 rabbits death from extreme post-convulsive de- 
pression and exhaustion ensued within 4 hours. Such results are summarized 
in Table 1. It can be noted also that in the different groups of animals given 
dosages of streptomycin, increasing by 5 mg. increments, the severity of 
reactions also increased. Thus in 6 animals given a 15-mg. application, but 
two had minor seizures, while of 10 animals given 30 mg. all had convulsions, 
6 of which were of the major type. 

In dogs the cortical application of streptomycin was followed within 15 
to 20 minutes by a decrease in generalized bodily activity and the animal 
had detectable central depression. Thirty minutes after application of the 
drug adversive movements of the head to the contralateral side were noted 
and after a further 15 minutes myoclonic jerking of the contralateral ex- 
tremities ensued. Such reactions were considered as minor seizures. Major 
reactions were attained when the activity proceeded to generalized con- 
vulsive movements with extension of the neck, salivation, and stupor which 
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often lasted as long as 24 hours. Table 1 also contains the summary of reac- 
tions in the dog. Twenty-five mg. of streptomycin applied to the cortex pro- 
duced minor reactions in 3 of 4 puppies and no reaction in the remaining 
animal. Increased dosages led to more severe reactions in both puppies and 
adult dogs. 

The convulsive threshold was found to be lowered after repeated applica- 
tions at the same site. This is indicated in Table 1 for the last group of adult 


TABLE 1. The convulsive effects from the cortical application of streptomycin 


om 
als Amount of No. of Type of Reaction* 
eae Streptomycin Animals None Minor Major Remarks 
mg. ce. 
Rabbit 15 0.3 6 4 2 0 
20 0.4 5 4 1 0 
25 0.5 5 2 2 1 
30 0.3 10 0 4 6 Of the 6 animals with major re- 
actions, 4 died within 4 hours 
after the drug application. 
Dogs 
Group A 25 0.25 4 1 3 0 Puppies 8-12 weeks of age 
50 0.50 + 0 1 3 
Group B 75 0.37 3 0 Q 1 Adult dogs of 5-6 kg. 
100 0.50 4 0 1 3 
Group C 50 0.50 4 4 0 0 Adult dogs of 8-13 kg. 
75 0.37 4 4 0 0 
100 0.50 4 4 0 0 
100 0.50 4 0 1 $3 Reactions occurred only on a 
subsequent day with an equiva- 
lent dosage of 100 mg. 
Monkey 50 0.25 4 0 t 0 Weakness lasting approximately 
75 0.37 4 0 1 3 36 hours 


* Minor reactions consisted of initial depression, contralateral focal myoclonic movements and post- 
convulsive weakness. Major reactions consisted of generalized tonic-clonic convulsions of status epilepti- 


cus duration. If the animals survived this state, marked weakness and depression followed and often 
lasted as long as 36 hours. 


dogs. Three of the 4 animals developed major reactions only after a second 
application of 100 mg. of the antibiotic agent was made on a subsequent day, 
indicating a sensitizing effect from the first injection of the drug. 

In the monkeys the classification of reactions was similar to that de- 
scribed for the dogs. Following a major reaction the residues of weakness of 
the extremities contralateral to the side of the cortical application lasted 
approximately 36 hours. Fifty mg. of streptomycin gave minor reactions in 
all of 4 attempts, while 75 mg. elicited major reactions in 3 of 4 animals and 
in the remaining one a minor reaction developed. 
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In 2 of 3 rabbits demonstrating reactions following streptomycin applica- 
tion, the convulsions were controlled by the intravenous administration of 
sub-anesthetic doses of pentobarbital. Likewise, di-allyl barbituric acid 
(Dial) prevented the typical convulsive and electroencephalographic seizure 
patterns in one monkey; yet in the 72 subsequent hours this animal deve- 
loped post-convulsive contralateral flaccid paralysis. Such a localization of 
reaction indicates that this was not a barbiturate effect but that it was 
typical of the reactions to streptomycin. 

Rabbits tested with solutions of streptomycin inactivated either with 
semi-carbazide or high proportions of cysteine (400 mg./cc.) had immediate 
reactions which were totally unlike the “‘typical streptomycin seizures.” 
These were considered to be due to the low pH of the solution resulting 
from the hydrochloride salts. No streptomycin convulsions occurred when 
the material inactivated either by a high cysteine content or semi-carbazide 
was applied to the motor cortex. Typical major seizures from streptomycin 
resulted when the solution with low cysteine content (3 mg./cc.) was applied. 
The results of these tests are summarized in Table 2. 


TABLE 2. The effects of streptomycin after treatment by various procedures for inactivation. 
Initially all the streptomycin solution contained 200 mg. of active base per ml. 


Strepto- 


Methods Used to Test Animal mycin 
TInactivate the and No. Potency Effect of Cortical Application 
Streptomycin Used after and Comments 
Treatment* 
mg./ee. 
A. PHYSICAL 
Exposure to room T° for Rabbits 6 200 Convulsions occurred. 
7-14 days Dogs 6 200 Convulsions occurred. 
Autoclaving Rabbits 10 60 Convulsions occurred. 
Five periods of 60 min. on Dogs 5 60 Convulsions occurred. 


different days Monkeys 2 60 Convulsions occurred. 


B. CHEMICAL 
Semi-carbazide HCl Rabbits 6 


j 0 No convulsions. Low pH reaction. 
60 mg./ce. Monkeys 2 0 No convulsions or reaction of any type. 
Cysteine HCl 
3 mg./ce. Rabbits 3 200 Convulsions occurred. 
100 mg./ce. Rabbits 7 0 No convulsions. Low pH reaction. 


C. PHYSIOLOGICAL 


Pentobarbital Rabbits 6 200 Convulsions which were terminated by pento- 
barbital +15 mg./kg. i.v. 
Di-allyl barbituric acid Monkey 1 200 Convulsive reaction aborted by the barbit- 


urate. The typical post-convulsive paralysis 
which routinely occurred in this species after 
streptomycin was present contralaterally for 
72 hours. 


* The antibiotic potency was determined by a serial dilution method with B. subtilis.® 
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After the application of streptomycin to the cortex of the monkeys no 
detectable change in electrical activity was seen for 5 to 15 minutes. Then, 
in the electroencephalographic lead at the site of injection, sharp spikes of 
25 to 50 wV. amplitude began to appear and recurred every few seconds. 
This is shown in the 30-minute record of Fig. 1. Within another 30 minutes 
the spikes increased in frequency and the groupings lasted from 0.2 to 0.3 
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Fic. 1. EEG from a monkey (Macacus rhesus). The animal was curarized and given artificial 
respiration throughout the entire procedure. One hundred mg. streptomycin were placed upon the cor- 
tex in the left central region. Five minutes after the antibiotic was applied, isolated spikes developed in 
the L.F.-L.C. lead, and within $0 minutes spike waves appeared in all leads, signifying spread of the 
seizure discharge to the entire cortex. 
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of a second to several minutes. The shorter groups were high voltage slow 
waves (3 to 5 per second) while the longer groups resembled low voltage 
fast waves (15 to 25 per second). In 15 to 30 minutes a seizure pattern 
appeared in all leads signifying the spread of the convulsion from one to all 


four extremities and to the body generally. The 30-minute record of Fig. 2 
illustrates this fact. 
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Fia. 2. EEG from another Macacus rhesus which was curarized and had respiration artificially 
maintained following the application of 75 mg. streptomycin to the cortex in the left central region. 
Within 30 minutes after application of the streptomycin seizure patterns appeared in all leads, 


The reactions of the dura mater, pia-arachnoid and underlying cortex 
following the application of streptomycin were determined with histological 
sections obtained several weeks after the drug had been applied. Severe 
stimulation with streptomycin was followed by profound structural changes. 
The dura was generally thickened with an increase in collagenic tissue. The 
pia-arachnoid was similarly thickened with sites of small round-cell infiltra- 
tion and at intervals islands of connective tissue and newly formed blood 
vessels invading the superficial cortical layers. The cortex showed increased 
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vacuolization with degenerative changes in the ganglion cells and an increase 
of glial tissue. Deeper in the cerebral substance there was widespread peri- 
vascular cuffing (Fig. 3). 





Fig. 3. Photomicrograph of a section of the cerebral cortex of a monkey (Macacus rhesus) following 
repeated cortical application of streptomycin. Hematoxylin and eosin stain, X60. The dura mater is 
slightly thickened with collagenic tissue and there is a slight reaction of the pia-arachnoid with round- 
cell infiltration. The cortical architecture is not disturbed and there is little or no vacuolization, but 
slight perivascular cuffing is evident. 


Sites of intracortical injection were also examined histologically for 
comparison. The channel of injection was indicated by a line of discrete 
cleavage surrounded by acellular cerebral tissue. The periphery faded into 
layers having increased vacuolization, perivascular cuffing, and a generalized 
decrease in ganglion and glial elements, as is shown in Fig. 4. 

In cortical areas from animals in which there were only minor convulsive 
reactions following stimulation with streptomycin there was no cellular 
infiltration of the pia-arachnoid. A slight increase in vacuolization of the 
cortex was evident but there was no suggestion of a disturbance of architec- 
ture of the cortical layers. 
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Fic. 4. Histological section of the white matter of a monkey (Macacus rhesus) following one intra- 
cerebral injection of streptomycin. Hematoxylin and eosin stain, X60. The needle track is easily identifi- 
able as a distinct line of tissue separation, and the immediately adjacent white matter is structureless 
with round-cell infiltration which increases toward the periphery and is associated with vacuolization 
of the tissues and perivascular cuffing. 


DISCUSSION 

The site of the convulsive action of streptomycin appears to be a local 
effect on the excitable cerebral cortex. Three observations in this study are 
offered as proof: (1) The progression of the reaction from myoclonic move- 
ments of one extremity to involvement of the entire animal indicates initial 
focal cortical stimulation followed by generalization of the reaction. (2) The 
electroencephalograph records cortical activity and the changes produced 
were typical of seizure discharges. (3) Barbiturate depression of cortical 
function is well known and was here demonstrated. 

The effect of cortical stimulation varies with its prime function. As 
motion was the chief index of response noted in this study it was expected 
that application of streptomycin to the motor cortex was most apt to pro- 
duce severe myoclonic convulsions. Application of the antibiotic to the 
prefrontal and occipital regions was followed by longer latent periods and 
most frequently a minor rather than a major reaction. Upon application of 
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equivalent dosages to the motor cortex major seizures usually occurred. 
Alternation of the side of application of the drug did not alter the type of 
response. A more severe convulsive reaction was produced by a higher dose 
and the spread to a generalized seizure undoubtedly was through neuronal 
pathways from cortex to cortex, as Erickson® has demonstrated. 

The convulsive threshold of different members of the same species com- 
pared quite closely on a per kilogram dosage of the active base. The area of 
the brain surface and general body weight appear to be the deciding factors. 
The lowered resistance of the immature cortex to convulsive stimuli as 
compared with the relatively stable adult cortex is well established. This 
was emphasized in the greater susceptibility of the puppies to the convulsive 
stimulus of streptomycin in comparison to larger adult dogs. 

That the convulsive and antibiotic factors in the streptomycin paralleled 
each other was apparent by the gradation of reaction obtained by use of 
active to totally inactivated solutions of the drug. The antibiotic and con- 
vulsive action of streptomycin was demonstrated to be approximately 
directly proportional to drug concentration. 

Injections of the antibiotic repeated on subsequent days tended to elicit 
a greater degree of motor activity. The different salts of streptomycin pro- 
duced similar reactions and dilution of the salts with sterile saline or distilled 
water did not significantly alter the pH or type or degree of reaction. The 
more concentrated solutions gave no alteration in the production of seizures. 
No attempts were made to purify the streptomycin salts supplied since they 
are the products marketed for clinical usage and are stated to be essentially 
free from impurities. 

Streptomycin has been used for the treatment of meningitis due to 
Hemophilus influenzae by a number of investigators.!:?:* Alexander? limits 
the intrathecal portion of therapy to 25,000 to 50,000 units once a day 
depending upon the severity of the infection. She has reported no patient 
showing toxic manifestations, such as the eighth nerve deafness, reported by 
Brown and Hinshaw.’ The treatment period employed by Alexander has 
been restricted to less than one week since that has been found sufficiently 
effective. 

In view of the experimental evidence here presented it is suggested that 
the intrathecal administration of streptomycin should be restricted to doses 
not to exceed 50 mg. (50,000 units)* per injection, diluted in 10 to 20 ce. of 
normal saline solution. Administration should be continued only as long as 
a positive bacteriological culture of the organism persists in the cerebro- 
spinal fluid. Such a routine should decrease and might possibly obviate the 
untoward toxic effects of streptomycin on the central nervous system similar 
to those reported as occurring with penicillin." The above-mentioned dilu- 

tion and dosage should be observed also in instillation of streptomycin into 


* Dosage of streptomycin as given in milligrams (1 mg. equals 1000 streptomycin units) as suggested 
by the National Research Council. 
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intracerebral abscesses. Despite the presence of a thick abscess wall to 
retain more concentrated solutions of the antibiotic and protect the sur- 
rounding cerebral tissue from its toxic effects, the danger of leakage into the 
subarachnoid space along the puncture track necessitates great caution. This 
is particularly important with cerebellar abscesses when the vital centers of 
the medulla oblongata are near. 


SUMMARY 

Streptomycin may produce convulsions and transient paralysis or even 
death in experimental animals when applied to the cerebral cortex. The 
effect is believed to be due to the antibiotic principle since inactivation of 
the streptomycin decreases the convulsive effect in proportion to decrease 
of the antibiotic factor. Reactions occur from either the sulfate or hydro- 
chloride salt of streptomycin. The convulsive effect is the result of local 
cortical stimulation and the convulsive threshold is lower in the motor area 
and higher in the frontal and occipital regions. Histological and electroence- 
phalographic changes parallel the severity of convulsive reactions. 


The streptomycin was allocated by Dr. Chester S. Keefer for the National Research 
Council and was generously supplied as the sulfate salt by The Abbott Laboratories and as 
the hydrochloride salt by Merck and Company, Inc. 

The electroencephalograms were recorded on a six-channel ink-writing oscillograph de- 
signed and constructed by Dr. Warren E. Gilson, Research Associate in Medical Electronics, 
and Miss Hulda R. Gieschen, Assistant in Electroencephalography. 

We are indebted to Dr. Francis Gehin for the determinations of the potency of strepto- 
mycin solutions and to Dr. Walter Jaeschke of the clinical pathological laboratory who con- 
firmed our diagnoses of the histological sections. 
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(Received for publication March 22, 1947) 


That metallic foreign bodies within the brain tend to shift position has been known for 
many years. In 1916 Vilvandré and Morgan® reported two cases, showing prints of X-ray 
films demonstrating movement and rotation of foreign bodies within the brain. No attempt 
at removal was made in either case and death ensued. Jefferson’ reported the case of an 
individual shot during the Russian Revolution in whom a rifle bullet which had lodged in the 
cerebellum moved posteriorly and underwent spontaneous version. Removal of the bullet 
was carried out 24 days after the initial injury and the patient recovered, Campbell, Howard 
and Weary! reported the case of a woman who had a freely movable lead buckshot in the left 
lateral ventricle. Removal was carried out a number of days after injury following an episode 
of severe headache, vomiting, stiff neck and photophobia. The patient completely recovered. 
Dandy? mentioned one instance in which a bullet was suspended by a fibrous band within a 
lateral ventricle. He stated that the symptoms were so severe as to make removal of the 
missile imperative, but the nature of the symptoms was not given. He also stated that “a 
bullet may lie unattached in a ventricle and move freely,” and showed a picture of such a 
bullet which was removed through a ventriculoscope. Small‘ reported an instance in which a 
revolver bullet migrated backward through the left ventricle and came to rest in the sub- 
stance of the left occipital lobe. Removal was not carried out since there was no symptom 
which would indicate the necessity for such a procedure. 

The following case report illustrates well the rather free migration which a metallic foreign 
body within a lateral ventricle may undergo and also demonstrates that severe symptoms may 
be associated with the presence of such a foreign body. This report, however, will constitute 
chiefly the surgical record, and detailed studies of the neurologic, psychiatric, and metabolic 
disturbances will be the basis for subsequent detailed communications. 


CASE REPORT 


B.R.M., a 22-year-old platoon sergeant, U.S.M.C., was admitted to the U.S. Naval 
Hospital in San Diego on April 26, 1945 because of symptoms resulting from an injury sus- 
tained in an amphibious operation on June 22, 1944. While going ashore during the establish- 
ing of a beach head, he sustained several fragment wounds from the explosion of a Japanese 
shell, the major wound being situated in the right parietal region about 2 em. above the 
right ear. According to the records, he was immediately unconscious and in shock. At an aid 
station on the beach, the shock was treated, the wounds were dressed and he was evacuated 
to an off-shore transport for further treatment. Upon arrival in the transport, he was still 
comatose but would occasionally move all of his extremities and his general condition was 
satisfactory. During the next 72 hours, he regained consciousness to a point of being able to 
obey simple commands and take fluids and food by mouth, but he remained disoriented and 
irrational. Upon arrival at an advanced Naval Base Hospital on July 3, 1944, he was acutely 

* The opinions herein expressed are the private ones of the authors and are not to be construed as 
the beliefs of the Medical Department of the Navy. 

t Released to inactive duty; University Club Building, St. Louis, Missouri. 

t Released to inactive duty; New York University College of Medicine, New York, N. Y. 
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ill. His pupils were dilated and fixed, and there was an obvious left homonymous hemianopsia. 
Although the external wound was healed, his temperature was constantly elevated. Periods of 
rationality were interspersed with episodes of complete irrationality during which he would 
talk almost ceaselessly of irrelevant matters. 

X-ray examination of his skull (Fig. 1) revealed a large piece of shrapnel located in the 
superior portion of the right occipital lobe about 2 em. to the right of the midline (Fig. 2). 
Three days after admission there was a sharp rise in temperature accompanied by increasingly 
severe headache, stiff neck and stupor. Spinal puncture revealed cloudy fluid at 300 mm. of 
pressure but no record of the cell count or culture was recorded. He was treated with penicillin 
intramuscularly and by the end of 6 days, the acute symptoms had all subsided. Twelve days 
after the episode of acute symptoms, spinal puncture revealed xanthochromie fluid with initial 





Fic. 1 (left). July 3, 1944. Metallic fragment in superior portion of occipital lobe. 
Fic. 2 (right). July 3, 1944. Fragment to right of midline 


pressure of 230 mm. of H,O and 10 days later the pressure was normal and the fluid was 
clear. He was evacuated to a U.S. Naval Hospital on the continent, arriving there on Aug. 22, 
1944 and at that time, he was able to recall being carried to an aid station immediately 
following the injury but with this exception, he was completely amnesic for all the events 
following his injury except for a few isolated instances during his stay in the advanced Naval 
Hospital and the voyage to the mainland. He knew his name but he was unable to give his 
age, or his serial number and was unable to recall many of the events of his life prior to being 
wounded. He complained of constant headache and was unable to read because of marked 
diminution in vision. He had developed ataxia and a coarse tremor of both hands and arms, 
was incontinent of urine, and his mental status was described as showing blunting, retardation 
and deterioration with impaired insight and judgment. 

Gross tests revealed a left homonymous hemianopsia and yisual acuity was 8/20 right 
and 4/20 left. X-ray films (Fig. 3) showed that the metallic foreign body was now immedi- 
ately above the sella turcica. With the exception of the fact that he had developed a large 
appetite and was rapidly gaining weight, little change was noted in his condition until Oct. 10, 
1944 when he complained of very severe headache followed very shortly by a generalized 
convulsion. Spinal puncture done shortly after the convulsion revealed opalescent fluid with 
increased globulin and cell count of 1970; 22 of these cells were lymphocytes. For several 
days there was marked elevation of temperature but under intramuscular penicillin by Oct. 
18, 1944 his temperature was normal and spinal fluid clear. X-ray film made about this time 
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(Fig. 4) showed that the foreign body above the sella had undergone spontaneous version and 
under the fluoroscope it seemed to shift its position when the position of the head was changed. 
In addition there was steady, progressive weight increase. During November, 1944 he was 
beginning to develop striae over the abdomen and thighs. His beard, axillary and pubic hair 
were becoming scanty and the pubic hair assumed a feminine type of distribution. Attempt 
at weight reduction was made by putting him on a 1000 caloric diet. In November there was 
an episode almost exactly similar to the one in October—stiff neck, headache and convulsions, 
and because of this episode, he was kept on penicillin for a number of weeks. His symptoms 
gradually subsided and there was little change in his condition until Feb. 15, 1945 when he 





Fic. 3 (left). Aug. 24, 1944. Metallic fragment lying just above the sella turcica. 
Fia. 4 (right). October 1944. Spontaneous version of the metallic fragment. 


again had a generalized convulsion. This convulsion was followed by a sensation of numbness 
over the entire right side of his body. This sensory change persisted up until the time of his 
admission to the U.S. Naval Hospital at San Diego. Upon arrival at this hospital, examina- 
tion revealed an obese individual, his weight being 224 pounds. His general appearance was 
markedly suggestive of an endocrine disturbance in that he had striae of the skin of the lower 
abdomen, thighs and arms with definite thinning of the body hair and beard and feminine 
distribution of the pubic hair. Neurological examination revealed a small wound of entry 
above the right ear which was completely healed. His left pupil was larger than the right and 
eye movements were abnormal in that at times the right eye seemed to move independently 
of the left. On upward gaze there was inversion of the right eye. The pupils did not react to 
light. His fundi showed evidence of primary optic atrophy and perimetry revealed a left 
homonymous hemiamblyopia plus a rather larger lower quadrant scotoma in the right ho- 
monymous field (Fig. 5). The left grip was weak. Movements of the left hand were awkward 
and ataxic. The biceps and triceps reflexes were increased on the left, but the left knee jerk 
was absent, while the ankle jerk was normal. Sensory examination revealed hypesthesia to 
pin prick and light touch over the entire left side of his body including his face, but because 
of the exquisite synesthesias and paresthesias present, he seemed hyper-reactive to most forms 
of sensory stimulation on the left side. There was extinction of cutaneous sensation on the 
left when the right and left sides were simultaneously stimulated. From an emotional stand- 
point, there was hyper-reactivity to minimal stimuli in social contacts and at times, he 
showed quasi-paranoid trends. His moods were extremely variable; at times he was quite 
jocular and very shortly thereafter became plaintive, and frequently burst into tears. From 
an intellectual standpoint, he showed marked perseveration and a definite loss of insight. 
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lia. 5. Visual fields, showing a left homonymous hemiamblyopia 
and a right lower quadrant scotoma. 





Fic. 6. April 1945. AP view. Fragment in midline. 


Shortly after admission, X-rays of the skull with fluoroscopic examination showed a metallic 
foreign body in the region above the sella very near the midline (Fig. 6) which would change 
its position with rotation of the patient’s head (Figs. 7, 8, 9, 10). Three days after admission 
he had one generalized convulsion with complete loss of consciousness, but at this time his 
temperature was not elevated and there were no increased cells in his spinal fluid. It was 
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felt, however, that this foreign body was located in or very near the third ventricle and that 
because of his episodes of convulsions and fever, the foreign body should be removed. In 
order to determine the best method of approach, on May 16, 1945 ventriculography was 
carried out and this procedure showed definite dilatation of both lateral ventricles and indi- 
cated that the foreign body was located in a dilated third ventricle (Figs. 11, 12, 13). Im- 
mediately following ventriculogram, a right frontal osteoplastic flap was reflected and a 
circular area of cortex about 4.5 em. in diameter was excised down to the lateral ventricle. 





Fics. 7, 8, 9, 10. Showing range of movement of metallic fragment 
upon shifting position of head. 


The foramen of Munro was then slightly enlarged and the metallic fragment was located and 
removed from the third ventricle (Fig. 14). For a number of days following operation, there 
was definite increase in weakness of the left side of his body and he had several convulsions 
in the immediate postoperative period. 

On the 2nd postoperative day, it was noted that the patient was unable to look to the left 
or right in obedience to commands, but was able to follow an object in all directions. When 
the eyes were at rest there was deviation slightly to the right of the midline. By the end of 
2 weeks postoperatively, he was able to look in all directions in obedience to commands. His 
left hemiparesis had improved and there was beginning to be definite improvement in his 
speech, his memory and in the hyper-reactivity to sensory stimuli applied to the left side of 
his body. He continued to have from time to time convulsive seizures but there were no 
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Fic. 11. Ventriculogram, AP view. Dilated lateral ventricles 
and fragment in 3rd ventricle. 


longer episodes of extreme headache, fever, and stiff neck. By July a report of psychological 
tests showed the patient to be much more accessible with less frequent swaying into moods of 
depression. On the other hand, there was an apparent increase in facetiousness and marked 
variability as regards the patient’s insight into his own condition. He continued to have 
brief episodes of confusion. During these episodes he was disoriented as to time and place and 





Fic. 12 (left). Lateral view, face dependent. 
Fia. 13 (right). Lateral view, occiput dependent. Note range of mction with shift of position. 
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Fic. 14. Postoperative film. Metallic fragment absent. 


would occasionally express quasi-paranoid obsessions. Retesting of his intellectual status by 
various tests, however, showed definite improvement and tests which were impossible be- 
cause of lack of cooperation before operation could now be performed. The most remarkable 
postoperative change, however, was the almost complete disappearance of cutaneous dys- 
esthesia. He still showed cutaneous extinction when stimulated on the right and left simul- 
taneously; the stimulation on the left side appeared to him markedly reduced, or was not 
noticed at all. There was still a left homonymous hemiamblyopia. He continued to show, 
throughout the course of his remaining period of observation, the homonymous hemiambly- 
opia, hypesthesia of the left side of his body and an occasional generalized convulsion. The 
absence of episodes of severe headache and stiff neck, and the definite improvement in the 
psychiatric problem presented constitutes ample evidence, however, that removal of the 
foreign body was justified. 


SUMMARY 


’ 


1. A case of “wandering” intraventricular foreign body is presented. 
2. Symptoms of meningeal irritation occurring episodically constituted a definite reason 
for the removal of the foreign body. 
3. Improvement in symptoms occurred. 
4. Detailed studies of neurologic, psychiatric, and metabolic changes will form the basis 
for further reports. 
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Papilloma of the choroid plexus is a rare intracranial tumor. In a survey of the literature» 
less than 100 reported cases have been found and this particular tumor comprised but 0.5 per 
cent of Cushing’s series of 2,000 verified intracranial new growths. The incidence of malignant 
characteristics in choroid plexus papilloma is rarer still. It seems of interest, therefore, to 
report the following case, which was originally diagnosed as an adenocarcinoma of choroid 
plexus origin, since the patient has a survival period to date of over ten years. Furthermore, 
a review of the pathologic material at the present time has not influenced a change in the 
original diagnosis. 

According to Posey,* papilloma of choroid plexus origin was first described by Guerard in 
1832, and Van Wagenen’ states that the first surgical removal was attempted by Bielschowsky 
and Unger in 1902. This case, however, had a fatal outcome. Perthes in 1919 reported the first 
successful extirpation of a choroid plexus papilloma,!° but there seems to be some question 
regarding the pathologic histology in light of more recent classification. For this reason, the 
case reported by Sachs‘ three years later with a survival period of six years (one of the 
longest ever reported to date) is generally recognized as the first successful attack on 
tumor. Davis and Cushing! reported in 1925 the first 6 cases of Cushing’s total of 12, and in 
1930 Van Wagenen® compiled what is still a classical review of the literature with investigation 
of all reported cases up to that time. He added 2 cases of his own—one surgical and one from 
autopsy material. Posey,* in 1942, again reviewed the literature, and with the addition of a 
single case which came to autopsy, brought the recorded total at that time to 86. 

The diagnosis of papilloma of the choroid plexus has been made from operative material 
relatively infrequently in the total reports of this lesion. Van Wagenen recorded only 11 
operative cases with successful immediate outcome in 6, the survival period ranging from 
three months to six years. Posey states that at the time his paper was written, 22 cases had 
been diagnosed surgically, with complete recovery in but 5. 

In his summary as to location, Van Wagenen states that 50 per cent of the growths have 


been in the fourth ventricle, 34.7 per cent in the lateral ventricles and 17.3 per cent in the 
third ventricle. 


such a 


The age group is of some interest with the incidence seemingly greatest in early life. Posey 
reported that only 18 cases could be found occurring in persons over 40 years of age. 

The question of malignancy in these papillomas has previously provoked discussion and, 
of course, in attempting to classify the earlier reported cases in the light of present classifi- 
cation, further difficulties arise. Davis and Cushing quoted Hart as stating that the literature 
contained records of only 2 examples of choroid plexus papillomas with carcinomatous changes. 
They were indefinite in their conclusions as to the carcinomatous tendencies, but pointed out 
that true papilloma of choroid plexus origin is usually a single lesion, whereas the previously 
reported cases accompanied by “seeding” of the tumor were more likely papillary ependy- 
momas. As recently as 1942, Posey pointed out that since these tumors were observed in 
only a few persons of cancer age, it was not surprising that only 2 cases with histologic 
cancer were to be found in the literature. We have found no additional cases. Ewing,” however, 
refers to these tumors as a group as “papillary adenocarcinomas of the choroid plexus.” 

The following case is of interest, therefore, in that it concerns a papilloma of the choroid 
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plexus occurring in the fourth ventricle in a 44-year-old man and reported originally as 
adenocarcinoma. Ten years subsequent to his first admission, having survived three successful 
extirpations of the recurrent tumor, the patient is alive and relatively well. On reviewing the 
pathologic material, there is a striking similarity in the three specimens, and on the basis of 
this material, the present diagnosis is still papillary carcinoma of the choroid plexus. 


CASE REPORT 


G.E.P., a 44-year-old salesman, was referred by Dr. J. S. Jamieson of Portland, Maine, and 
was admitted to the New England Deaconess Hospital on April 21, 1936, complaining of 
unsteadiness of gait of 9 months’ duration. 

The patient had been perfectly well until the previous June, when, following a long drive 
one evening, he had a sudden episode of unsteadiness and was forced to seek support to keep 
from falling. Similar episodes recurred about once a month and lasted for 2 or 3 minutes, 
being followed by unsteadiness in walking of about 10 minutes’ duration. There was no 
nausea nor vomiting at the time and no tinnitus. There had been partial deafness of the left 
ear for 35 years, with no recent change in this defect. For 6 months prior to admission he had 
been continually unsteady with improvement on lying down. Two months before admission 
he began to have episodes of vomiting about once a week. There was no true diplopia, but on 
turning the head suddenly, vision was temporarily blurred. He thought that his visual acuity 
had failed during the 6 months previous to admission. There was no headache and no sub- 
occipital tenderness. 

Neurologic Examination. The pupils were small but equal and reacted promptly to light 
and accommodation. There was a persistent induced nystagmus on lateral gaze, with the slow 
component to the left. Conjugate movements of the eyes were restricted on upward gaze, but 
elevation slightly above the horizontal was possible. The optic fundi showed bilateral papil- 
ledema of 3 D. with tortuous and engorged veins. There was slight diminution of hearing in 
the left ear. The patient showed marked swaying in Romberg’s position and the gait was 
staggering, with a tendency to fall to the right. He had slight incoordination bilaterally in 
performing the finger-to-nose test. The left corneal and palatal reflexes were decreased. Gen- 
eral physical examination was negative and the remainder of the neurologic examination 
disclosed no additional findings. 

1st Operation. In order to rule out the possibility of a tumor of the posterior 3rd ventricle 
which would require a supratentorial exposure, ventriculography was carried out under local 
anesthesia on April 24, 1936. The ventriculograms showed marked symmetrical dilatation of 
the lateral and 3rd ventricles, and, therefore, a posterior fossa exploration was immediately 
undertaken. The cisterna magna was large and the arachnoid was thickened and gray. The 
left cerebellar hemisphere was slightly larger than the right and the convolutions were slightly 
widened. Upon opening the cisterna, a large tumor was disclosed when the left tonsil was 
retracted. The tumor was of yellowish color and found to be extramedullary in location. It 
had compressed the medulla and upper cord to a marked degree, with displacement of these 
structures to the right. It was seen to extend far up under the left cerebellar hemisphere and 
downward to the floor of the fossa. The tumor was carefully mobilized and the fairly numerous 
entering vessels occluded as they were encountered. The 9th, 10th and 11th nerves were 
visualized and the 10th and 11th were carefully brushed aside. The 9th, however, was inti- 
mately adherent to the tumor and was sacrificed. The tumor was gradually freed from the 
surrounding structures and apparently completely removed with only moderate bleeding 
which was readily controlled. 

Except for transitory respiratory difficulties at one or two stages during the operation, 
the patient withstood the entire procedure quite well. 

Course. He made an essentially uncomplicated operative recovery and was discharged 
from the hospital 20 days following operation. At that time the papilledema was regressing 
and the disk margins were appearing. The nystagmus persisted and there was slight generalized 
unsteadiness but no definite paresis. He had likewise considerable hoarseness. In November 
1936, the patient reported that he was working regularly and his only complaint was that his 
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voice was husky. He was heard from at intervals after that and seemed to be getting along 
perfectly well. In 1940 the pathologic material was reviewed, but the diagnosis was not 
changed from adenocarcinoma of choroid plexus origin. 

2nd Admission. The patient returned to the New England Deaconess Hospital on Jan. 3, 
1942, He had remained well until July 1941, at which time he began to have attacks of vertigo 
and a sensation of falling to the left. He complained also of diminution of hearing in the left 
ear, episodes of “inflammation” of the left eye and occasional numbness of the left side of the 
face. Neurologic examination showed that his voice was hoarse, and there was marked hearing 
loss on the left. He had a partial peripheral facial weakness on the left, with hypesthesia of 
the left face. The optic disks showed slight secondary atrophy, but no elevation. The gait 
was essentially normal with only slight unsteadiness in turning. There was a positive Rom- 
berg’s sign and slight ataxia in performing the finger-to-nose test. 

The patient had previously received a course of radiation therapy with a total dose of 
1800 r over two portals, but showed no appreciable improvement. Roentgenograms at this 
time disclosed erosion of the left petrous ridge medially. He developed a left hemihypesthesia 
and complained of numbness of the entire left side of his body. 

2nd Operation. On Jan. 5, 1942, the old incision was reopened and no tumor found on the 
surface in the posterior fossa. On retracting the left cerebellar hemisphere from the cerebello- 
pontine angle, many adhesions between dura and cerebellum were encountered, with pocket- 
ing of cerebrospinal fluid about the lower nerve group. Further retraction of the hemisphere 
revealed a cauliflower-like nodule of recurrent tumor about the size of the end of one’s little 
finger lying alongside the pons. By careful dissection and suction, the tumor was mobilized 
along the pons and dilated 4th ventricle opened. The posterior inferior cerebellar artery was 
preserved, but a large branch leading to the tumor was clipped. With mobilization accom- 
plished medially, the lateral aspect of the growth was attacked and found to involve the 7th 
and 8th nerves. The former was sacrificed in an attempt to remove the tumor radically, but 
the 5th nerve was not involved. Another tiny implantation just below the major portion of 
the recurrent growth was removed and a complete gross extirpation apparently thus achieved, 
although it could not be determined definitely whether the tumor invaded the pons. 

Course. The patient withstood the operation satisfactorily and made an uneventful re- 
covery save for transient cystitis of the urinary bladder. There was marked hoarseness follow- 
ing operation in addition to a complete facial paralysi 
20 days following operation. 





s. He was discharged from the hospital 


3rd Admission. April 20, 1946. Following the 2nd operation, the patient was relieved of 
symptoms of nausea and vomiting but had moderate unsteadiness of gait and a left facial 
paralysis. He was able to carry on with his work, however, and got along reasonably well until 
March 1946, when he began to have a recurrence of nausea and vomiting which grew pro- 
gressively more severe so that he returned to the hospital for further surgery. His gait had 
become somewhat more unsteady during the 6 months preceding this admission and there was 
weight loss of 15 to 20 pounds, but no headache. 

Examination showed no bulging of the suboccipital defect and the optic fundi were es- 
sentially normal. There was fine nystagmus to both right and left and slight hypotonia of the 
left arm. The left arm and leg showed definite ataxia with moderate dysmetria and asynergia. 
There was a slight left trigeminal hypesthesia and a complete left facial paralysis. The re- 
mainder of the cranial nerves were apparently intact. There was slight weakness of the left 
arm, but there were no other motor or sensory abnormalities. On April 24, reexploration was 
varried out. 

3rd Operation. The left portion of the old cerebellar incision was reopened and a recurrent 
tumor was disclosed lying along the side of the greatly indented pons underneath the left 
posterior inferior cerebellar artery. The growth appeared to be well encapsulated and was 
quite tough in consistency. It extended forward to involve the greater portion of the dilated 
4th ventricle. By gently retracting the tumor, it could be dissected away from the overlying 
attenuated cerebellum which was removed in the process. It was carefully dissected away 
from the roof of the 4th ventricle and from the pons beneath. The growth was approximately 
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4.cm. by 3 em., and again a grossly total extirpation seemed to have been accomplished. Gel 
foam was utilized to cover the raw surfaces. In spite of the adherence of the growth to the 
floor of the 4th ventricle and the resultant operative attack, the patient withstood the opera- 
tion without difficulty. 

Course. Following this 3rd procedure, he again made an uneventful postoperative re- 
covery and was discharged from the hospital on May 8, 14 days following operation. ‘Two 
months later he reported that he was progressing satisfactorily, although bothered consider- 
ably by unsteadiness in walking. He wrote on Nov. 12, 1946, that he was getting along fairly 
well, being up and around the house, but complained of lack of balance as well as general 
weakness and flabby muscles. He also complained of marked fatigue. 


PATHOLOGIC DESCRIPTION OF TISSUE REMOVED AT THE THREE OPERATIONS 


Microscopically, the three specimens were essentially identical. There were numerous pap- 
illary stalks of loose, scanty, fibrous tissue in which vascular channels were prominent; about 
the periphery of the connective tissue there were tall, columnar cells arranged in a single or 
pseudostratified layer (Fig. 1). The latter cells had a slightly granular cytoplasm and a nu- 
cleus which contained moderate chromatin and which was elongated in the long axis of the 
cell, usually lying in the basilar half of the cytoplasm. Scattered throughout, but especially 
in the connective tissue beneath the columnar cells were occasional irregular, sometimes 
laminated and calcified, masses. 
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Fig. 1. Photomicrograph of typical field (150). 


In some regions the papillary growths seemed to be lying in a cavity lined with a single 
layer of columnar cells, giving the appearance of a papillary adenocystoma, but this type of 
growth was not consistently present. 
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There were a few foci in which the cells had lost their papillary arrangement and single 
layering to grow in rather dense masses. Here, the cells showed more rounded and vesicular 
nuclei, with considerable variation in nuclear size and shape. Mitoses were rare and could be 
found only after prolonged search. While the stroma in general was very scanty, there were 
frequently regions where it appeared to be infiltrated by the more dense cell masses. No cells 
other than blood cells were present in either blood vessels or lymphatics. 


SUMMARY 


Papillomas of the choroid plexus showing malignant (adenocarcinomatous) characteristics 
are rare intracranial tumors. Relatively few of these growths have been removed surgically, 
and fewer patients still have had a long, useful survival period. The present report is that of 
an adult male who had a tumor of this type. He has remained in relatively good general con- 
dition for over ten years since the initial removal of his malignant papilloma. 


We wish to acknowledge our appreciation to Dr. Shields Warren, in whose laboratory the pathologic 
studies were carried out, and to Dr. William A. Meissner who supplied the photomicrograph and the 
pathologic description after reviewing the material from the three operations. 
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OSTEOPLASTIC FLAP METHOD IN THE TREATMENT 
OF SUBDURAL ABSCESS 


Rosert L. Guiass, M.D. 
Department of Surgery, Indiana University School of Medicine, Indianapolis 


(Received for publication January 20, 1947) 


The chief points in the treatment of subdural abscess are: (1) removal of pus, and (2) 
sterilization of the subdural space. 

The first objective—removal of pus—cannot usually be achieved by attempted drainage 
through one or more perforator openings in the skull or through a small craniectomy. This is 
because the pus becomes walled off in separate compartments and free flow to the drainage 
tube is impossible. Insertion of drainage tubes far into the subdural space through perforator 
openings in the skull is dangerous because of the possibility of injury to the cerebral cortex 
with production of intracerebral abscess. Removal of pus through a craniectomy has two 
disadvantages: (1) exposure is insufficient if the abscess is large, and (2) an undesirable cranial 
defect is left if the patient survives. 

Sterilization of the subdural space can be attained only by removal of infectious material 
and direct instillation of antibiotics. It is doubtful that sulfonamides, orally or intravenously, 
or penicillin, intramuscularly or intrathecally, reach the space in adequate concentration 
through the membrane that forms about the abscess. Penicillin instilled through a drainage 
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tube or tubes will not be diffused throughout the entire area of infection unless the pus has 
been previously removed, all adhesions forming compartments broken up, and the tubes 
properly placed. 

Failures in three successive cases of subdural abscess brought the foregoing facts sharply 
to mind. It was determined to treat any additional cases radically: (1) to expose the abscess 
widely by reflecting a large osteoplastic flap; (2) to remove as much pus as possible—much as 
a subdural hematoma is removed; (3) to break up all adhesions that might interfere with 
drainage and with instillation of penicillin; (4) to place drainage tubes most advantageously 
under full vision and without cortical injury, bringing them out through the perforator 
openings of the flap; and (5) to follow with full doses of penicillin locally and intramuscularly. 

An opportunity to try this new method of treatment soon presented itself, and is reported 
in the following case. 


CASE REPORT 


R.R.K., a boy aged 12 years, was admitted to the James Whitcomb Riley Hospital on 
Feb. 2, 1946 (XR 96421). He had been ill 2 weeks with severe headache, vomiting, and pain 
in the back and limbs. He had had some swelling of the neck, possibly lymphadenitis. The 
day of admission he had six generalized convulsions. No localizing features were observed in 
any of these. The family physician had diagnosed a “sinus infection” and prescribed sulfonam- 
ides. But, because of the swelling of the neck, the patient’s mother believed that he had had 
mumps, then prevalent in the home neighborhood. 

Examination. On admission he was in a post-convulsive stupor. Temperature was 99.2°, 
pulse 104, respirations 16. Urine showed a trace of albumin, but was otherwise negative. 
White blood cell count was 23,300. A spinal puncture was performed. Examination of the 
spinal fluid showed: 270 WBC (94% lymphocytes, 6% polys), quantitative sugar 66 mgm. 
per 100 ce., quantitative protein 131 mgm. per 100 cc., culture negative, Wassermann nega- 
tive, gold curve 2-2-2-1-1-3-3-3-1-0. X-ray films of the skull and chest were negative. A diag- 
nosis of possible mumps encephalopathy was entertained. 

On February 5 slight weakness of the left limbs was noted. On February 9 a left-sided 
convulsion occurred with twitching of the lower face, arm and leg. The twitching was rela- 
tively greatest in the arm. Mild papilledema was observed for the first time on this day. 
Left hemiparesis was more severe on February 10; papilledema more marked on February 14. 
Neurosurgical consultation was requested on February 15. Examination on that day dis- 
closed left hemiparesis, questionable partial astereognosis in the left hand and bilateral 
papilledema of about 3 D. There was no hemianopsia, no hemianesthesia. A diagnosis of 
probable cerebral abscess was made. 

Operation 1. On Feb. 21, 1946, an exploratory perforator opening was made over the mid- 
point of the right frontal lobe. Pus poured out freely when the dura was opened, indicating 
the presence of a subdural abscess. A second perforator opening was then made over the right 
parietal lobe to determine the posterior extent of the abscess, pus being found in the subdural 
space over this lobe. Both incisions were then closed without drainage. 

Operation 2. On Feb. 22, 1946 a large right osteoplastic flap was reflected, extending from 
the hair-line anteriorly to the parietal eminence posteriorly and superiorly almost to the 
midline. Dural flap was turned superiorly. A large subdural abscess was found overlying the 
frontal, parietal and temporal lobes. All visible pus was removed by gentle sponging, irrigation 
and aspiration. This was accomplished without cortical injury. Eight drains fashioned from 
#14 soft rubber French catheters were placed in the subdural space, the dural flap was re- 
placed but not sutured, the bone flap was replaced, the drains being brought out through the 
perforator openings of the flap, and the scalp incision closed with a single layer of interrupted 
silkworm gut sutures. Penicillin (100,000 units) was injected into the subdural space through 
the drains, and a dressing applied. 

Course. The patient was given a transfusion of 500 cc. of whole blood immediately after 
operation, and was placed upon 30,000 units of penicillin intramuscularly every 2 hours and 
sulfadiazine, one gm. every 4 hours. On February 23 he was given a second transfusion of 
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500 ec. of whole blood. Dressing was changed and 100,000 units of penicillin instilled into the 
subdural space on February 24, 26 and 28 and on March 2, 4 and 7. Two drains were removed 
on March 2, one on March 4, and the remaining five on March 7. Intramuscular dosage of 
penicillin was increased to 50,000 units every 2 hours on that date, this dosage being main- 
tained until the patient’s discharge from the hospital on April 4, 1946. Dressing was dis- 
continued on March 18, the scalp incision then being well-healed and without discharge. 
Patient complained of no headache after Februay 28. There was progressive decline in his 
left hemiparesis. No more convulsions occurred. He was allowed up in a wheelchair on March 
13, and became ambulatory on March 21, then showing a slight limp with the left lower 
limb. 

He returned to the hospital for an out-patient examination on April 25, 1946. At that 
time there was noted slight weakness of the left foot and toes and mild secondary optic 
atrophy. A second out-patient examination was made on July 25. He denied any specific 
complaints, but examination showed very slight weakness of the left foot and toes. On 
August 19 an ophthalmological examination was made. Both optic dises were a little pale. 
Vision in the right eye was reported as 20/30-1, in the left eye 20/25. Visual fields showed 
slight general contraction. 


COMMENT 


The mortality rate in cases of subdural abscess has been very high, most probably because 
of the difficulty in securing adequate drainage of pus and because of the inability to realize 
the full effectiveness of antibiotics. A new method of treatment, which seeks to overcome 
these difficulties, effective in one case, is described. 


AN INSTRUMENT FOR DIRECT NERVE STIMULATION* 
James G. Gousetu, M.D.,} anp James A. Fizzeuy, B.S. 


Department of Nervous and Mental Diseases, Northwestern University 
Medical School, Chicago, Illinois 


(Received for publication February 2, 1947) 


Experience with a number of existing nerve stimulators which were provided with means 
to measure only their output voltage revealed that in some instances false impressions were 
obtained relative to the functional integrity of the nerves being tested. Since there was no 
provision for measuring the actual current that was passing out of the stimulator, one could 
not ascertain what current, if any, was passing through the tissue and could not be sure that 
the electrodes were in suitable operating condition. It was discovered that some of the con- 
temporary electrodes developed conducting paths through themselves as a result of the 
retention of electrolytes from the sterilization process and that this fact could not be detected 
except by some additional testing procedure. Occasionally, these conducting paths by-passed 
so much of the current that normal muscle in the operative field could not be made to contract 
even when the voltmeter was set to its maximum value. 

As a result of this experience, we have devised a small portable instrument with appropri- 
ate electrodes for direct nerve stimulation which overcame the above-mentioned difficulties. 
In addition to the features usually found in stimulators of this nature, this instrument has the 


* The work described in this paper was carried on under a contract which had, initially, the Office 
of Scientific Research and Development, and, subsequently, the Office of the Surgeon General, U. S. 
Army, as financial sponsors. It was aided by a grant from the National Foundation for Infantile Paraly- 
sis, Ine. 

+ Now at The Los Angeles County General Hospita!, Los Angeles 33, and the University of Southern 
California Medical School, Los Angeles, California. 
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following attributes: (1) means for measuring the stimulating current (as opposed to voltage) ; 
(2) provision for obtaining either 60 cycle alternating current or direct current (galvanic cur- 
rent); (3) reliable electrodes, unaltered by the sterilization process and easily re-conditioned. 

Fig. 1 shows the front view of this nerve stimulator with the electrodes connected to the 
output terminals. The milliammeter scale contains only one arc because a specially designed 
circuit enables it to measure accurately both alternating current and direct current on that 
one are. The line switch and fuse are located below the milliammeter. 





Fic. 1. Front view of nerve stimulator. 


At the left of the milliammeter there is a knob and a toggle switch. This toggle switch 
enables the operator to select either alternating or direct current for use in stimulating a nerve. 
The magnitude of the stimulating current is controlled by turning the aforementioned knob. 

The complete stimulator, which measures 9” X9” 7" and weighs 7} pounds, has a com- 
partment in the rear which holds the line cord and electrodes when they are not in use. 

A schematic wiring diagram is shown in Fig. 2, and the essential components are listed. 
The transformer is a standard filament transformer having a secondary voltage of 6.3 volts. 
It was designed to withstand indefinitely the application of twice-rated voltage plus 1000 
volts between the primary terminals and all other metal parts of the structure. This was be- 
lieved to provide adequate isolation from the line. The four-pole, double-throw switch, which 
selects either alternating current or direct current, is a conventional toggle switch of the so- 
called anti-capacity type. 

The secondary voltage from the transformer is rectified by means of a full-wave rectifier 
and filtered with a large electrolytic condenser to provide a ripple-free source of approximately 
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8 volts d.c. It is seen that one half of the toggle switch is arranged to connect the potentiom- 
eter either to the output of the rectifier or directly to the output of the transformer. The 
other half of the toggle switch is arranged to send direct current through the milliammeter or 
to send alternating current through the instrument rectifier. The output from the instrument 
rectifier is passed through the milliameter in the conventional manner. These provisions 
make it unnecessary for the operator to concern himself with the choice of an appropriate 
meter range. 

Acting on the theory that the electrodes would need to be reconditioned occasionally, we 
sought to make them as easily constructed as possible. The detailed routine for preparing 
complete new leads and electrodes reveals their simplicity: Obtain a length (approximately 8 
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Fig. 2. Schematic wiring diagram of nerve stimulator. 


feet) of Belden No. 18 Tandem 2-conductor lampcord. Separate the two conductors for about 
4 inches at one end and remove 3" of insulation from each conductor. Then attach a solderless 
cord tip to each conductor. 

Remove about 2” of insulation from each conductor at the other end of the cord but do 
not split the cord. Take each conductor separately and twist the strands of each conductor 
snugly together. Now solder or “tin” each conductor neatly along its exposed 3” length, using 
a resin flux-no acid. When this has been done, cut the exposed conductors so that only 4” of 
metal projects and, using crocus cloth or very fine emery paper, carefully round and smooth 
the ends of the conductors so that no sharp edges or points are left. 

Obtain a 4” length of some fairly stiff tubing made of a non-conducting material such as 
rubber, neoprene, bakelite, or black fibre. The inside diameter of the tubing should be ap- 
proximately }” or 6 mm. Slide this length of tubing on the tinned end of the cord so that the 
bare tips of wire project 3” outside the tubing. In case the tubing is slightly too large to make 
a very snug fit on the cord, wrap the cord with a small rubber band so as to increase its 
outside diameter a sufficient amount. 
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The only precaution to be observed while using the stimulator is to make certain that the 
pointer on the milliammeter reads zero at all times excepting when the electrodes are applied 
to the nerve. Failure of the pointer to return promptly to zero upon removal of the electrodes 
from the nerve indicates the presence of a conducting path between the electrode tips. Such a 
path results when a drop of saline solution or blood becomes lodged between the tips. By 
wiping away the electrolyte with a piece of sterile gauze, one can immediately restore the 
electrodes to suitable operating condition. 


AN OXYGEN CONVEYER: A TOY BALLOON 


ALFRED W. Apson, M.D. 
Section on Neurosurgery, Mayo Clinic, Rochester, Minnesota 


(Received for publication April 5, 1947) 


Experience at the Mayo Clinic confirms the experience of others that the unpleasant 
symptoms that follow encephalography, ventriculography or myelography are of shorter 
duration when oxygen is used instead of air as the contrast medium. Knowledge of this fact 
and a desire to avoid setting up cumbersome apparatus or moving gas tanks from room to 
room prompted me to employ the procedure herein described for conveying oxygen. 

The materials required for constructing the device are 6 feet (182.9 em.) of rubber tubing, 
a glass tube, 3 inches (7.6 em.) long, filled with absorbent cotton to serve as a filter, six stop- 
cocks and a dozen or two toy balloons. One end of the stopcock is such that it will admit the 











Fie. 1. Filling a balloon with oxygen. 








anc 
mo 


anc 
exp 
gra 


-~——_-— 





AN OXYGEN CONVEYOR: A TOY BALLOON 397 


nozzle of a Luer syringe; the other has a corrugated surface over which the neck of the 
balloon is slipped and tied in place. 

The surgical nurse ties on several balloons in preparing the materials for sterilization. All 
materials, including the portable yoke for the oxygen tank, are autoclaved. 

On the morning of operation the nurse fills, under aseptic conditions, as many balloons 
as will be needed, including an extra one which would be available in the event of breakage. 
In assembling the parts, a second nurse thoroughly cleanses the head of the gas tank with 
alcohol prior to adjusting the yoke and operates the lever as each balloon is filled (Fig. 1). 
The filled balloons are stored on the reserve instrument table. As they are needed they are 
carried in a sterile receptacle to the room in which the oxygen is used (Fig. 2). The oxygen is 
transferred with a syringe from the balloon to a spinal puncture or ventricular needle as re- 
quired. 
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Fig. 2. (a) A filled balloon ready for use; (b) oxygen being withdrawn from a balloon through 
a Luer syringe. 


During the war we substituted rubber gloves for balloons. Except for their odd appear- 
ance, rubber gloves are more efficient than balloons since they can be autoclaved many times 
more than balloons without disintegration. 

Space does not permit discussion of the use of air, oxygen or helium in studies of the brain 
and spinal cord. However, readers are urged to review the paper by Cleveland and End.! Our 
experience at the clinic has encouraged us to use oxygen as a contrast medium in roentgeno- 
graphic studies and to give, after such use, inhalation of pure oxygen for three to six hours. 
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WALTER IVAN LILLIE 
1891-1947 


On February 21, 1947, Philadelphians awoke to find themselves snowed in. Shortly after 
a pleasant breakfast with Mrs. Lillie, our esteemed Fellow-Member of the Harvey Cushing 
Society, Doctor Walter Ivan Lillie, suddenly collapsed while shoveling snow in front of his 
stalled automobile. He died a few minutes later, without regaining consciousness. It is thought 
that death was due to a massive coronary thrombosis. 





Doctor Lillie (“Ivan’’ to his close friends) was born in Grand Haven, Michigan, on No- 
vember 5, 1891. He received his M.D. degree at Michigan in 1915, and his Master’s degree in 
Ophthalmology at the Graduate School of the University of Minnesota (Mayo Foundation) 
in 1922. 

From 1917 to 1919, Doctor Lillie was on active duty with the Medical Corps, U.S. Army, 
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serving with the B. E. F. as well as the A. E. F. From 1919 to 1933 he was continuously 
engaged in the practice of ophthalmology at the Mayo Clinic, with progressively advancing 
rank on the Faculty of the Graduate School of the University of Minnesota. He was Associate 
Professor of Ophthalmoiogy in that institution when he resigned to become Professor and 
Head of the Department of Ophthalmology at Temple University School of Medicine in 1933. 
Doctor Lillie had great success as an ophthalmic surgeon and as a teacher of general 
ophthalmology. It was in the special field of neuro-ophthalmology, however, that he made his 
greatest contribution. “Ivan” will long be remembered not only for his brilliant contributions 
in his chosen field, but for the gracious example he set, as physician, teacher and friend. 
W. Epwarp CHAMBERLAIN, M.D. 











BOOK REVIEW 


TRAITE DE NEURO-ENDOCRINOLOGIE. Le Systeme Neuro-Endocrinien. Le 
Complexe Hypothalamo-Hypophysaire. La Neuro-Ergonologie et Son 
Evolution Récente. By Gustave Roussy and Michel Mosinger. Paris: 
Masson & Cie, Ed., 1946, xvi, 1106 pp., 261 figs., and 9 plates in color. 


The authors believe that medicine, after a long pursuit of analysis, tends now to enter 
upon general studies relating several disciplines. It is such a vast synthesis of neurology and 
endocrinology that the authors attempt in this large volume. Within this vast field they study 
particularly the hypothalamico-hypophysial interrelations. The other endocrine organs, and 
the parts of the nervous system related to them, are treated much more summarily. There are 
doubtless many reasons for this. The authors have much more personal experience with the 
hypothalamico-hypophysial system, it has many more unresolved problems, it was the first to 
be studied, and the interrelationships are much more intimate. 

In the volume as it stands the first book deals with the functional anatomy of the vegeta- 
tive nervous system, central and peripheral; the second with the histophysiology of the endo- 
crine glands; the third with the general physiology of the endocrine system; the fourth with a 
new synthesis which is called neuro-ergonology and its correlative pathology. The authors 
attempt to justify the importance they give to histophysiology, considering morphological 
studies to be capable of furnishing essential data to physiology. 

The first book begins with descriptive anatomy of the neurovegetative system which oc- 
cupies 243 pages. This is a very detailed account of the supradiencephalic, diencephalic and 
infradiencephalic systems based on personal studies of the authors and a summary of the 
extensive literature. It is profusely illustrated with photographs, semischematic drawings and 
diagrams, some in colors. The section on the hypothalamus follows—with some modifications 
—the terminology of Gurdjian-Rioch and recognizes two segments, the anterior and posterior, 
containing 43 different nuclear formations. Although the volume of Proceedings of the As- 
sociation for Research in Nervous and Mental Disease devoted to the Hypothalamus is not 
mentioned in the bibliography, American studies are carefully analyzed. One misses only 
some later ones, for example, in discussing the substantia nigra the fibers from the nigra to 
the pallidum noted by Ranson and confirmed by Mettler are not mentioned. The studies of 

Bailey and Sweet and of Bailey and Bremer on the posterior orbital cortex are also not noted. 
One misses also the important study by Moruzzi on the regulatory action of the cerebellum 
on the visceral functions. The peripheral portion of the vegetative system is very briefly 
summarized, almost without reference to the vast literature on the subject. 

The second part of the first book comprises 109 pages devoted to a systematization of the 
nervous formations in general and of neurovegetative formations in particular. This part 
contains a great amount of anatomical detail, much of it repetitious, and is illustrated, apart 
from four microphotographs, only by a number of fanciful diagrams so complicated as to be 
far from enlightening. Some sections are so summary as to be little more than tables of con- 
tents. The relevancy of much of this material is not very apparent. 

The third part (52 pages) concerns the histophysiology of the neurovegetative system. 
The authors believe that secretory activity is general in the neurovegetative system. This 
conception (neuricrinie) rests on the following arguments: (1) The vascular richness of the 
neurovegetative formations. (2) The incessant structural modifications. (3) Vacuolization of 
the neurones. (4) Presence of eosinophilic and melanotic granulation. (5) Presence of colloid 
in the neurones (argument omitted in text, page 398). (6) Existence of the same phenomena in 
invertebrates. 

It is important to note that this concept of neuricrinie rests on histological observations; 
the physiological process is inferred. In other words, as I once remarked for the hypophysis, 
the cart is before the horse in the argument. In this manner it is impossible to reach more 
than a probability. The fact of secretion remains to be established by physiological methods. 
This conception of neuricrinie is badly in need of such a logical analysis as I once attempted to 
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make of hypophysial physiology (Ergebnisse der Physiologie, 1922, 20: 162-206), the effect of 
which was lost because, before its publication, Evans and Long had extracted the growth- 
promoting hormone. 

The chapter on the histophysiology of the phenomena of conduction is characterized by 
extreme brevity. 

The second book (176 pages) is concerned with the endocrine organs. Of these no less than 
102 are devoted to the anterior lobe of the hypophysis. In the first chapter the conception of 
an endocrine organ is widely extended to include many organs and tissues not usually included 
in this category. Chapter two is a very detailed account of the structure of the hypophysis 
based on the authors’ studies and an exhaustive review of the literature; it contains nothing 
new. The third chapter discusses the histophysiology of the hypophysis. The authors speak 
often as though they believed the basophile cells to elaborate a gonadotropic hormone. That 
this concept is ill-founded they later admit. They state that the secretory products of the 
anterior hypophysis are colloid, lipoid, glycogen, other products and perhaps the chromophile 
granulations. That these substances are present in the hypophysis is undoubted; that they are 
hormones is unproven. In particular that the colloid bears to the secretion of the hypophysis 
the same relationship as the colloid of the thyroid gland to its secretion is entirely without 
evidence. The relationship of the various substances identified in the neurohypophysis to its 
secretion is equally unknown. It should be remembered that no secretory product of the 
hypophysis has ever been isolated from its efferent venous drainage, as has been done in the 
case of the adrenal gland. Evidence of the hormonal activity of the hypophysis is largely 
indirect, much of it more pharmacological than physiological. There is no valid physiological 
evidence that the hypophysis secretes into the juxtahypophysial nervous tissue. As I pointed 
out some years ago (Rev. neurol., 1922, 638-639) much of the argumentation concerning the 
supposed secretory activity is inverted. More of it is based on very dubious evidence obtained 
with unspecific and imperfect histological technic. I am glad that the authors did not attempt 
another fanciful account of the transformation of the chromophile cells during secretion. 
Staining methods for the basophilic granulation are particularly inadequate. For some years 
I had faith in the work of one investigator until I discovered that the granules in one of his 
photomicrographs had been inserted with a pen and that he had not noted in the subtitle 
that the photograph had been retouched; since then I believe nothing about the hypophysis 
that I have not personally controlled. The physiological evidence seems to me now conclusive 
that the eosinophilic granulation is related to the growth-promoting hormone; all else is more 
or less probable hypothesis. The same may be said for the supposed secretory activity of the 
ependyma, the choroid plexuses, the epiphysis and the paraganglions. No one doubts the 
secretory activity of the other glands briefly mentioned in chapter four, such as the adrenal, 
the thyroid, the parathyroid and gonads; it has been demonstrated by physiological methods. 
The length of the discussion in scientific books is often, as elsewhere, in inverse ratio to the 
precision of our knowledge. 

The third book (152 pages) is devoted to neuroglandular correlation—the general physi- 
ology and histology of the neuro-endocrine system. Our knowledge of the nervous mechanism 
of regulation of the other glands is summarized in 20 pages; 33 pages are devoted to the 
hypophysis, a discussion based partly on original researches of the authors. According to these 
investigations each lobe of the hypophysis has a double innervation, parasympathetic and 
orthosympathetic. These systems are described in detail. In the second chapter the authors 
discuss the conception of neurocrinie, a term first used by Masson to indicate the pouring of 
glandular product into peripheral nerves. Our authors use it also to apply to the central 
nervous system. This conception rests on the demonstration within the nervous system of 
glandular cellular elements, mastoplasmocytes, colloid and pigment, said to have reached 
there by invasion or déversement and believed to exercise there some physiological activity. 
So far as I am aware no one has ever seen these various substances infiltrate into the nervous 
tissue but we may admit the possibility that the cells may wander in. That the colloid and 
pigment may move in from the outside is also possible, but unproven in spite of the many 
ingenious arguments against their production in situ; the imaginary process which the authors 
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avoided in discussing the anterior hypophysis is here in full flower. That these substances 
exercise there a physiological activity is another matter and entirely unproven. The oxytocic 
activity of the cerebrospinal fluid was shown by Van Dyke, Bailey and Bucy (J. Pharm. & 
exp. Therapy, 1929: 36, 595-610) to be due to its calcium content. 

The authors appear to believe that the epiphysis is an endocrine gland and devote the very 
brief chapter three mostly to a supposed epiphyso-hypophysial correlation. The fourth chapter 
discusses the functioning of the hypothalamo-hypophysial complex and its important rela- 
tions with the neuro-endocrine system in general. In discussing the hypothalamico-hypophysial 
relations the authors make good use of researches begun by the senior author as long ago as 
1912, in collaboration with Camus, which initiated a long series of attempts to decide the 
varying role played by each member of the pair in the production of various symptoms— 
diabetes insipidus, adiposogenital atrophy, ete.—induced by lesions in their neighborhood, 
Some of their experimental results I had the pleasure to confirm, in collaboration with Bremer. 
The authors give an excellent summary of these studies with which one could find little fault 
were it not for their attachment to the theory of hydrencéphalie-neurocrinie. This neurocrinie 
hypophyso-hy pothalamique the authors believe to be only the local manifestation of a very 
general process. 

The fourth book (242 pages) discusses the general and correlative pathology of the neuro- 
endocrine system; 188 pages are devoted to correlative pathology which is defined as com- 
prising all the organic reactions which result from a dysfunctioning, or from an experimental 
or pathological alteration, of an endocrine gland and of different segments of the neurovegeta- 
tive system (correlative endocrinogenic and neurogenic processes). The first chapter, devoted 
to a purely descriptive study of neuro-endocrine lesions, follows mostly along generally ac- 
cepted lines but is devoted almost exclusively to the hypophysial complex, the other endo- 
crine glands being very briefly dismissed. The literature concerning basophilic adenomas of 
the hypophysis is ignored, doubtless because much of it appeared during the war and was 
unavailable. In the second chapter on correlative pathology a great deal of interesting ma- 
terial is gathered together since the authors insert also all sorts of pathological processes due 
to avitaminoses and other metabolic disturbances not generally reckoned as endocrine; this 
procedure they rationalize by remarking that the vitamins act, in large part, through the 
mediation of the neuro-endocrine system and the latter system has important lesions in ex- 
perimental avitaminosis. In this vastly enlarged synthesis the authors discuss hyperglycemia, 
hypoglycemia, hypercholesterinemia, hyperbiliemia, hyperlactacidemia, uremia, hypercal- 
cemia, etc., etc., ete., in brief, the effects of any aggressive agent (ergon), endogenous or exog- 
enous. Interesting as much of this material is, it is obvious that it has only a remote relation- 
ship to the main theme of this volume, except insofar as the neuro-endocrine system enters 
into a far vaster synthesis which the authors project under the name of neuro-ergonology, a 
vue d’ensemble of the actual evolution of which the authors give in an appendix of 84 pages. 

The appendix, called the fifth book, is preceded by a bibliography of 16 pages which con- 
tains all their own previous contributions and what they consider to be important works of 
others. If they had given a bibliography of all the literature referred to in the text another 
volume larger than the present one would have been needed. 

This is an extraordinary work. It is astonishing that it could have been compiled during a 
great war. The authors give the impression, however, of having started out to write a neuro- 
endocrinology and then to have projected a larger synthesis, called a neuro-ergonology, in 
which the neuro-endocrinology was to have been integrated; the greater project seems to have 
remained largely in the form of notes attached to the main body of the volume as an appendix. 
Even in the neuro-endocrinology the hypophyso-hypothalamic portion is worked out in much 
greater detail than the rest of the neuro-endocrine system. 

In spite of these defects the work has a surprising amount of useful information. It is a 
monument to French erudition. 


PercivaAL Battey, M.D. 
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URING the last decade it has become evident that most cases of sciatic: 
are due to some kind of nerve-root compression, usually the result 
of a herniation of a lumbar intervertebral disk. 

Lately attention has been drawn also to the intervertebral disks of the 
lower cervical spine. It has been established that a lateral rupture of a disk 
in this region may produce a compression of the corresponding nerve root 
in the intervertebral foramen only, without implication of the cord, thus 
giving rise to the clinical picture of brachial neuralgia (1943: Semmes and 
Murphey;’ 1944: Buey and Chenault,' Michelsen and Mixter,’ Spurling 
and Scoville;’ 1945: Elliott and Kremer;’ 1946: Eaton,? Sahlgren)®. The 
isolated involvement of one of the three lowest cervical nerve roots produces 
an individual clear-cut clinical symptomatology, which enables the surgeon 
to make a rather accurate preoperative diagnosis as to the level at which the 
pathologic lesion is to be sought for. 

During the last four years, in this clinic, several patients presenting signs 
and symptoms of brachial neuralgia have been operated on in whom the 
existence of a lateral protrusion of an intervertebral disk was verified at 
operation. The results of their removal, however, have not been entirely 
encouraging, partly due, probably, to incomplete decompression or damage 
of the nerve during the operation, and partly, perhaps, to the fact that we 
have not until recently paid attention to the significance of certain deformi- 
ties of the dural pouches and dural sheaths which will be described later in 
this paper. 

The disks in the cervical region protrude in a dorsal and lateral direction 
and have a great tendency towards calcification. Simultaneously osteo- 
phytes grow out from the edges of the adjoining vertebrae. As a result of 
the pathologic process the intervertebral foramen is transformed into a nar- 
row osseous canal. The dorsal wall of this canal is formed by the most lateral 
part of the lamina plus the articular facets, while the ventral wall is formed 
by the protruded, calcified part of the disk. Consequently it is more ade- 
quate, in pathologic cases, to speak of an intervertebral canal instead of an 
intervertebral foramen. The nerve becomes very tightly fixed in this canal 
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with the result that any small disruption within the protruded calcified 
mass or minimal edema of the nerve will produce acute signs and symptoms 
of nerve-root compression. 

With these facts in mind it is easy to realize that all attempts to de- 
compress the nerve by removal of either the dorsal wall of the canal or the 
disk protrusion in front of the nerve will involve great risks of damage if 
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Fig. 1. A, Schematic drawing illustrating the exposure of cervical nerve roots by means of a dental 
vulcanite cutter. B, The funnel-shaped appearance of a normal dural pouch. C, The usual appearance 
of a nerve root in the absence of an ordinary dural pouch, 


the usual surgical bone-instruments, such as chisels and rongeurs, are em- 
ployed. 

The surgical treatment of brachial neuralgia due to root compression thus 
seemed to be principally a technical problem. For the past few months we 
have tried to manage these cases by means of a dental drill equipment, con- 
sisting of an electric drilling assembly with a transmission cord and a straight 
handpiece, provided with a spherical vuleanite cutter. This instrument has 
proven to be of a definite advantage, as it enables a thorough exposure and 
decompression of the nerve root without inflicting any damage. The cutter 
is applied directly to the medial half of the exposed articular facets, just 
opposite the space between two adjoining laminae, and the dorsal wall of 
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the intervertebral canal is cut away (Fig. 1). Removal of the medial half of 
the articular facets will suffice for exposure of the nerve root over a distance 
of about 1 em. The preservation of the lateral half of the facets, on the other 
hand, was found to be quite adequate to secure the stability of the cervical 
spine. 

In some cases the intervertebral canal is narrowed in the cranio-caudal 
direction also. After having removed the posterior wall it is easy to re- 
establish the normal width in this direction by cutting bone away on both 
sides of the nerve. Then the nerve may be dislocated either upwards or down- 
wards in order to permit—by means of the cutter—-the removal of the an- 
teriorly situated calcified mass. 

With some practice the whole procedure can be undertaken without 
application of any local anaesthetic to the nerve root. Continuous irrigation 
with saline is, however, necessary to prevent too much friction-heating of the 
bone. Naturally, there is some risk of slipping before one gets accustomed to 
the instrument. But after some little training— preferably on a cadaver— it 
‘van be controlled without difficulty, and the whole procedure will be quite 
safe. The risk of slipping into the spinal canal is eliminated by the preserva- 
tion of the vertebral laminae. These may be partly removed later, if neces- 
sary. 

With this method the decompression can be made so complete that the 
nerve, afterwards, may be pulled back 1 or 2 mm. out of the intervertebral 
canal. 


REVIEW OF CASES IN WHICH OPERATION WAS PERFORMED 

Since the introduction of the new operative technique described, 7 pa- 
tients have been operated on, all presenting signs and symptoms of cervical 
nerve-root involvement. 

In the first 3 cases the affected nerve roots were compressed by large 
calcified protrusions of the adjoining intervertebral disks, which were 
thoroughly cut away so that a complete decompression of the respective 
nerves was afforded. However, only in the first of these 3 cases was im- 
mediate relief from all preoperative complaints attained. In this case I had 
opened the dural sheaths in order to be able to dislocate the nerve roots 
more freely before I attacked the calcified protrusion in front. I then noticed 
a certain degree of constriction at the osteum of the dural sheaths, but paid 
no special attention to this detail at first. 

The next 2 cases were unaffected in spite of the fact that the involved 
nerves had been fully decompressed. 

Here, however, I had not opened the dural sheaths, and it was therefore 
found necessary to consider the possibility of a stricture in the ostea of the 
dural sheaths— in addition to the bony compression of the nerve— in these 
vases also. One of the patients suffered from such distressing pains that I 
had to re-explore the wound one month later. In his case two nerve roots were 
affected: the 6th and 7th cervical. At re-operation the dural sheaths were cut 
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open and a definite constriction at their ostea was found to exist. The patient 
was immediately relieved from his pains, and the power of his hand-grip, 
measured with a dynamometer, at once increased to nearly the double of his 
preoperative value. A meningitis complicated the postoperative course, but 
cleared up subsequently. 

Case 4 was that of a fresh herniation of a cervical disk. After removal of 
the protruded mass, the dural sheaths were opened and the patient recovered 
completely. 

Cases 5 and 6 both presented the clinical picture of root compression 
(7th cervical in one case and 8th cervical in the other), but exploration failed 
to reveal any bony compression of the affected nerves. There was, however, 
a definite narrowing of the dural pouches and in addition a stenosis of the 
ostea of the dural sheaths. These were opened and the patients were immedi- 
ately relieved from their symptoms of pain, numbness and paraesthesia. 

Case 7 was that of a woman who had received a severe blow to her right 
shoulder one year previously and since that occasion had suffered from weak- 
ness in her thumb and index finger, together with numbness in the ulnar part 
of her hand. There was no roentgenologic evidence of disk degeneration or 
herniation and at exploration of the 8th cervical, bony compression of the 
nerve could be excluded. The dural pouch at this level was, however, com- 
pletely absent and the posterior dural sheath was totally obliterated, while 
the anterior sheath was only partly patent. The nerve roots were sharply 
angulated at their points of exit from the spinal canal. Cuts were made in 
the spinal dura in order to abolish the angulation of the nerves with the 
result that as early as 3 days postoperatively the patient stated that strength 
was returning to her hand although numbness was unaltered. The pathology 
in this case may perhaps be explained as the result of a hyperplastic fibro- 
blastic reaction after a blood effusion into the dural sheaths following 
trauma. 

ANATOMY AND PATHOLOGY OF DURAL POUCHES 
AND DURAL SHEATHS 

Conclusive data regarding the normal anatomy and the pathology of 
dural sheaths are not available in ordinary textbooks. 

Since the significance of malformations of these structures has become 
apparent, we have studied them by means of careful dissections carried out 
both during operative explorations as well as postmortem examinations of 
isolated specimens of cervical spines. By chance in one of the postmortem 
specimens the Sth cervical nerve on the right side showed a divergence from 
the normal anatomy, which essentially corresponded to the deformities pre- 
viously observed in pathologic cases on the operating table, though not quite 
as marked as in these. The specimen in question was taken from a man, 62 
vears of age, who had died from a malignant glioma of the left hemisphere. 
Reviewing the case history, it was noted that the patient 8 years previously 
had received a severe blow to his right shoulder, which disabled his arm 
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over a period of 4 months. Photographs were taken frédm this specimen at 
different stages of the dissection (Figs. 2-7). 

Note: Figs. 2-7 are photographs of a postmortem specimen of a cervical spine in which the dural 
pouch of the 8th cervical nerve on the right side was found to be subjected to the same type of stricturing 


process that has been observed in several patients operated on, though not quite as marked as in the 
latter. The normal 7th cervical nerve root is included for comparison. 


Normal Anatomy. In the lower cervical region the spinal nerves issue from 
the cord at a considerably higher level than that of the intervertebral fora- 
men through which they have to pass. The dural sheaths emerge from the 
spinal dura at right angles. Therefore the spinal nerves would be rather 
sharply angulated at their points of exit through the sheaths, were it not for 
the role played by the dural pouches. These are funnel-shaped lateral exten- 
sions of the spinal dural cavity from the bottéms of which the dural sheaths 
emerge (Figs. 2-3). This arrangement guarantees an arched course for the 
spinal nerves, thus preventing their angulation. 

In the bottom of the dural pouch each nerve root enters an individual 
dural sheath, the two ostea of which are separated by a distinet inferradicular 
septum, a term introduced here for descriptive purposes (Fig. 4, arrow). 
In this septum the two adjoining dural sheaths are fused, but more laterally 
they are separated by the interradicular foramen, in Fig. 2 indicated by a loop 
of black silk. 

The dorsal dural sheath has a variable extension. Sometimes part of 
the dorsal root ganglion is included in the sheath, but usually it extends 
only to the medial part of this ganglion. The ventral sheath is patent further 
laterally, as a rule, to the point where ventral and dorsal roots fuse to form 
the mixed spinal nerve (Fig. 5). 

The arachnoid encloses each nerve root individually at its exit and ex- 
tends for a certain distance into the dural sheath but it has not been possible 
to study the exact arrangement of this structure by means of gross dissection. 

For descriptive purposes we speak of the spaces in the corners between 
the spinal dura and the dural sheaths as the upper and the lower sheath- 
angle (Fig. 1 C). 

A small arterial branch from the vertebral artery pierces the lateral part 
of each dural sheath and follows the nerve root to the cord. If a number of 
nerve roots are compressed, the arterial supply to the corresponding seg- 
ments of the cord might be impaired. 

Pathology. The anatomy of the structures surrounding the spinal nerves 
in the lower cervical region is subject to a certain amount of variation. There- 
fore it is difficult clearly to define the borderline between what is to be re- 
garded as a mere anomaly and what is to be looked upon as definitely patho- 
logic. But when conditions are changed in such a direction that an undue 
strain is put on a nerve, and these facts coincide with clinical manifestations 
of nerve involvement which are alleviated by restoration of normal con- 
ditions, the deformity in question must be regarded as pathologic. 
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Fic. 2. The 7th and sth cervical nerve roots exposed from behind. Spinal dura and dural sheaths 


are unopened. C-7 has a well-developed funnel-shaped dural pouch (D.P.), while that of C-8 is nearly 


completely obliterated. There is a definite notch in dural contour in the upper sheath-angle (arrow). 
The posterior root, which can be outlined through the dura, is rather sharply angulated at this point. 
A loop of black sitk has been passed through the interradicular foramen of C-7. 





Fig. 3. Spinal dura opened. The 7th and 8th posterior roots have been separated from the cord and 
reflected upwards. Dentate ligament and arachnoid removed. The normal funnel-shaped dural pouch of 
C-7 is seen from inside. The separate ostea of the dural sheaths are obscured in the depth of the funnel. 
C-8, on the other hand, has practically no dural pouch, so that the nerve roots have to enter their individ- 
ual dural sheaths directly. The ostea are separated by a well-defined interradicular septum (arrow). 
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| 
5 | Fic. 4. A transverse cut has been made in the spinal dura and has then been extended into the dural 
sheath of the dorsal root of C-7, visualizing anatomical details at the bottom of the dural pouch. The 
nerve roots are seen to enter their individual dural sheaths, the ostea of which are separated by a thin 
interradicular septum (arrow). 
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of Fic. 5. The interradicular septum (arrow) of C-7 has been cut through and the dural sheath of the 
( . . . 
‘ ventral root has been opened out towards the point where the two roots fuse to form the mixed spinal 
net. 
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Fic. 6. The dorsal dural sheath of C-8 has been opened out to the ganglion, exposing a rather 


thick and fibrous interradicular septum (arrow). 
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Fig. 7. The interradicular septum of C-8 has been cut through and the ventral dural sheath is 
opened about half-way of its total length, exposing the anterior root. 
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Obviously the dural pouches play an important role in the mechanics of 
the cervical spine. If the spine is bent forward, the nerve roots become 
stretched, a fact which is easily verified during an operative exposure or by 
studying a postmortem specimen. The role played by the dural pouches is to 
prevent the spinal nerves from becoming sharply angulated. In the absence 
of an ordinary dural pouch such an angulation must take place. The most 
striking morphologic alteration observed during our operative explorations 
actually was the frequent absence of an ordinary dural pouch (Fig. 1). 

Another factor that influences the mechanics of the lower cervical nerve 
roots is the direction that the nerve takes after leaving the spinal dura. In 
one patient, operated on, the nerve emerged in a somewhat cranial direction 
so that the upper sheath-angle was reduced to 70°. Due to this unusual 
course the angulation of the nerve was increased considerably. 

Both these factors have an influence on the mechanical conditions of the 
8th cervical nerve in the postmortem specimen of which photographs were 
taken. A study of Figs. 2-3 reveals that C-8, as compared with C-7, has 
hardly any dural pouch at all, and in addition there is, in the upper sheath- 
angle, a definite notch in the dural contour instead of the normal smooth 
curve (Fig. 2, arrow), so that the posterior root is forced to pass around the 
edge of a rather sharp corner before entering the dural sheath. Moreover, it 
was noted that this notch was made more prominent when the spine was 
bent forward. The upper sheath-angle of C-8 is also definitely reduced (to 
about 85°), a factor contributing to the sharp angulation of the nerve. 

Finally, as a third factor producing significant damage to the nerve roots, 
we have observed definite strictures in the ostea of the dural sheaths. The 
dural sheath itself is a rather thin-walled fibrous tube, but its osteum consists 
of a ring of firm, unyielding dural tissue. The opening is rather narrow, but 
normally one blade of a pair of small scissors can readily be passed through 
the opening in order to split the sheath. In pathologic cases the dural ring 
of the osteum was thickened and constricted about the nerve root so that 
it was found rather difficult to insert even a small hook without damaging 
the nerve. What the cause of such a stricturing process might be, is not 
clearly understood. In one case a piece of the thickened dural ring was taken 
for histologic examination, which revealed evidence of a certain degree of 
fibroblastic reaction with thickening and hyalinization of the fibres but with 
no signs of acute inflammation. 


OPERATIVE PROCEDURE TO RELIEVE OSTEUM-STENOSIS OF 
DURAL SHEATHS AND ABOLISH ABNORMAL 
ANGULATION OF NERVE ROOTS 
In the presence of an obvious deformity of a dural pouch in connection 
with an abnormal sensitiveness towards mechanical irritation of the exposed 
nerve root, a small opening is made in the spinal dura and from here the cut 
is continued through the dorsal dural sheath. Another cut is then made in 
a forward direction along the notch in the upper sheath-angle, indicated 
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by the arrow in Fig. 2. The dorsal root can then be displaced in cranial 
direction and the interradicular septum comes into view. The septum and 
the ventral dural sheath are now cut through and the angulation of both 
nerve roots will be abolished. As a result of these measures there will de- 
velop a small liquor-cyst around the nerves, but it will be of no significance 
to the patient. The operation affords a “transposition” of the nerve roots 
with an effect similar to that attained by transposition of the ulnar nerve 
to the front of the elbow. 


FURTHER OBSERVATIONS 


If a number of cervical nerve roots are exposed under local anaesthesia, 
it is, as a rule, easy to identify the one that is subjected to some sort of pres- 
sure by the extreme sensitiveness of this root even to the slightest mechanical 
irritation. An unaffected nerve root can be manipulated much more freely 
without the production of unbearable pain. 

If a dural pouch is narrowed and in addition there is an osteum-stenosis, 
the most sensitive part of the exposed nerve root is the notch in the upper 
sheath-angle (Fig. 2). Pressure to this point, in our cases, immediately re- 
produced the whole picture of the patient’s preoperative complaints. 

When the spinal dura had been opened, and the dorsal root was picked 
up with a small hook, even very slight dislocations of the nerve caused ir- 
radiation of pain to the pertpheral parts of the limb with a distribution corre- 
sponding to the previous symptoms of paraesthesia and numbness. As soon 
as the dorsal dural sheath had been split, the root could be manipulated 
rather freely without eliciting any pain, and could be displaced in a cranial 
direction so that the ventral root came into plain view. 

When the ventral root now was picked up with a small hook and slightly 
dislocated, the unexpected observation could frequently be made that this 
manoeuvre caused an even more distressing, irradiating pain than similar 
dislocations of the dorsal root had produced previously. This pain was, 
however, of another character: more deeply situated and referred to the 
proximal parts of the limb or the shoulder girdle, predominantly to those 
muscle groups that had been spastic or tender to pressure preoperatively. 
As soon as the interradicular septum had been cut through, the anterior root 
also could be moved about rather freely without producing any pain. 

As a normal motor root is practically insensitive to slight mechanical 
irritation, the sensitiveness of the ventral roots in our cases, must have 
been due to some obscure mechanism brought into function by the com- 
pression of the root in question. Attempts have been made to block each 
nerve root separately with ethocain in order to study the effect of subsequent 
mechanical irritation of the other, but the results were not conclusive due 
to leakage of the anaesthetic during the injection. The investigations will, 
however, be continued on this point. 
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CONCLUSIONS 

1. The introduction of the dental burr unit and vuleanite cutter has 
greatly facilitated the surgical exposure of the cervical nerve roots and the 
removal of herniated and calcified intervertebral disks. 

2. The signs and symptoms of brachial neuralgia and paresis in some in- 
stances may be due to a narrowing or deformation of the dural pouch which 
results in an abnormal angulation of the involved nerve roots at their points 
of exit through the ostea of the dural sheaths. In addition there may be a defi- 
nite stenosis of these ostea. Such malformations are sometimes present to- 
gether with a protrusion or herniation of the adjoining intervertebral disk. 
Removal of the protruded mass only will then be an insufficient measure. 

3. In order to completely alleviate the strain or compression to which the 
nerve roots are subjected by such malformations, it is necessary to open the 
dural sheaths and abolish the angulation of the nerves. 

4. In the clinical picture of brachial neuralgia, due to nerve-root com- 
pression, the deeply situated, proximal pain, muscle tenderness and muscle 
spasm seem to be attributable to the compression of the ventral (motor) root, 
while the pain irradiating distally to the parts affected with numbness and 
paraesthesias, seems to be due to compression of the dorsal (sensory) root. 

5. In the surgical treatment of sciatica most operators account for about 
12 per cent of “negative explorations” in the lumbar region. If attention is 
directed towards the possibility of pathologic lesions within the dural sheaths 
as well as outside of them, this figure will probably be reduced. 

June 20, 1947. After the preparation of this paper I obtained the iast number of the 
Archives of Neurology and Psychiatry (1946, 56: 722-723) and through personal communica- 
tion with Dr. William B. Scoville received further information regarding the operative tech- 
nique employed by him in the treatment of cases of unilateral ruptured cervical disk. Dr. 
Scoville advocates a unilateral “buttonhole” approach to the nerve root by means of a high- 
speed spherical drill and has occasionally divided the sensory root and split the dura upwards 
in order to transplant the motor root in a cephalad direction. The operative measures de- 
seribed in this paper thus seem to agree closely with those recently advocated by Dr. Scoville. 
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ARACHNOIDAL PROLIFERATIONS WITH CYST 
FORMATION IN HUMAN SPINAL NERVE 
ROOTS AT THEIR ENTRY INTO THE 
INTERVERTEBRAL FORAMINA 


PRELIMINARY REPORT 


BROR REXED, M.D. 
Department of Histology, Karolinska Institutet, Stockholm, Sweden 


(Received for publication March 28, 1947) 


URING the study of a fairly large material of microscopical sections of 
human spinal nerves and nerve roots, the author noted in some of 
them certain remarkable alterations of the structures. The altera- 
tions consisted of a more or less intense proliferation of the root arachnoidea. 
As is well known, the dural and arachnoidal sheaths are restricted to the 
entrance into the intervertebral foramina. In some roots these arachnoidal 
proliferations were connected with cysts in the roots themselves. 
Since a search through the current literature revealed no description of 
this condition, the author decided to investigate it. The present paper is a 
report of the findings so far made. 


MATERIAL AND METHODS 


The material always consisted of the lumbar spinal cord with its nerve roots and the first 
stretch of the spinal nerves enclosed in the dural sac. It was taken at post mortem, 6-36 
hours after death. The patients were aged from 30 to 80 years. They all died from illnesses not 
affecting the nervous system. The cord and nerves had been fixed in 10 per cent formaldehyde 
solution for more than a year previous to the histological examination. Spinal nerves and roots 
from 44 segments of the spinal cord of 17 cases were studied. 

Parts of the nerve roots near the spinal cord from all the segments were stained according 
to the Alzheimer-Mann-Hiiggqvist (AMH) method (see Rexed*) or impregnated with silver 
according to Bodian. The nerve roots near the spinal ganglion, the ganglion and the first 
stretch of the spinal nerve from each segment were sectioned serially. Series from alternating 
segments were stained by the AMH and the Bodian technique. In the Bodian stained series 
sections were spared at regular intervals and stained with the Azan or the hematoxylin- 
Weigert-Hansen stain. 

The above material was originally assembled for the study of the effects of lateral dise 
protrusions on nerve roots and spinal nerves and will be more fully accounted for in a paper 
to be published shortly on this subject by Lindblom and Rexed. 


RESULTS 

When the spinal nerve roots entering the intervertebral foramen con- 
verge, they are enclosed for a short stretch by tubular sheaths of the dura 
mater. These sheaths come in contact with the nerve roots and fuse with 
their connective tissue just above the spinal ganglion. Thus a small, funnel- 
shaped space is formed around each root on its entry into the intervertebral 
foramen (Fig. 1). The arachnoidea dips into this space and surrounds the 
root with a loose cover. 
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Normally the arachnoidal folds around the roots in this space are very 
sparse and loose, and they fill only part of the space, leaving the rest as an 
empty room between the root and the dura mater. Microscopically the space 
is seen as a thin slit around the root, occupied only by a very loose and thin 
fold of arachnoidea. 

In a certain number of cases, however, the picture is quite different. The 
change when least developed consists of a moderate thickening and increase 
in amount of arachnoidal tissue around the roots. In some other cases the 
arachnoidal folds are still thicker and at circumscribed areas have the ap- 





Fic. 1. Half-schematic drawing of the relationship between meninges and spinal nerve roots in man 
(cervical region). Note subdural space around spinal nerve roots at entrance into intervertebral foramen 
(right side of drawing). The drawing is not exact in details, however: the separate dural sheaths for dorsal 
and ventral roots and arachnoidea, following dura towards ganglion, are not shown. (From Rauber and 


Kopsch*.) 


pearance of definite proliferations, pressing on the roots and deforming them 
seriously. In certain places the arachnoidal proliferations invade the interior 
of the root fascicles and form ecyst-like cavities which stand in open con- 
nection with the space around the root. The tissue inside the eyst is in direct 
continuity with the thickened arachnoidal folds outside. In most cysts only 
the wall of the cyst is coated with the proliferated tissue while the center of 
the cyst is empty (Figs. 7, 15 and 16). 

There thus exist all gradations from a just perceptible increase in the 
volume of the arachnoidea in the dura-surrounded space around the roots 
to intense proliferations with strong deformations and cyst formation in 
the roots. A full report of these findings will follow in the final publication, 
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‘ 


when a larger material can be presented; for further details see the figures 
and their legends. A striking fact is, however, that not even the most 
affected roots show any sign of acute processes of any kind. The appearance 
of the arachnoidal proliferations is definitely that of static or resting tissues. 
There are no signs of acute inflammation or of neoplastic processes. The 
affected root fascicles and their nerve fibres show no sign of damage (except, 
of course, for the deformation of the fascicles in toto and by the proliferated 
tissue and the cyst), and no degenerating nerve fibres have been seen. Proxi- 
mally and distally to the cysts the root fascicles have an absolutely normal 
appearance. 

Small islands of tissue of the kind described above can be seen not only 
in the roots but also in the dense dural sheath surrounding the roots (Fig 18). 
The condition described was never found elsewhere than in the short stretch 
of the nerve roots passing through the dura-enclosed funnel-shaped space 
just proximal to the spinal ganglion. It was never observed near the spinal 
cord or in the free part of the root crossing the subarachnoidal space between 
spinal cord and intervertebral foramen. 

Counting only the cases with fairly severe changes, 8 cases out of 17 
examined showed the described condition in one or more segments. When 
the nerve roots of one side of a spinal segment showed the condition, this 
was usually also the case with the roots of the other side and with roots from 
other segments. The material hitherto examined is far too small, however, 
to allow definite conclusions concerning general frequency, distribution of 
the condition, ete. 


DISCUSSION 


On account of the smallness of the material only the most summary dis- 
cussion is worth while. 

Though all the persons from whom material for this study was taken 
were affected by lateral disc protrusions, it is highly improbable that the 
above-described condition has anything at all to do with that abnormality. 
Abnormal arachnoidal proliferations were found just as commonly in seg- 
ments and roots of individuals not affected by lateral dise protrusions. 
Besides, the lateral dise protrusion does not compress the nerves more proxi- 
mally than at about the middle of the spinal ganglion and most often more 
distally to the ganglion on the spinal nerve itself. The type of changes result- 


Fics. 2-9. Arachnoidal proliferation with cyst formation, shown in a series of microphotographs 
(Fig. 9 is most distal section). Right ventral root from 2nd lumbar segment. Case K.224-43 (67 years 
old). In Fig. 2 the funnel-shaped space around the root shows as a thin slit, filled with some arachnoidal 
folds, and bounded by a dense ring of dural tissue. In Figs. 3-6 a proliferation of the arachnoidea com- 
presses the root more and more, till its contour looks like a half-moon. In Figs. 7 and 8 the proliferation 
is completely surrounded by the nervous tissue. In Fig. 9 the cyst has terminated, leaving only a slight 
irregularity in the texture of the root. AMH stain; magnification varying between X30- 40; least in 
Figs. 4-6. 
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ing from compression of nerves by dise protrusion is different (this statement 
will be well substantiated in the paper by Lindblom and Rexed!). There is a 
possibility that the cystic formations can be traced back to some devel- 
opmental disturbance, but so far nothing has been brought forward that 
supports such a theory. The same can 
be said about the possibility of neo- 
plastic growths. 

Neither are there any signs of acute 
inflammatory processes. It is possible, 
however, that the condition is the ter- 
minal result of such an inflammation 
already healed, or that it is in itself a 
very slow chronic process. The well 
known pathological condition  arach- 
nocd itis spinalts adhaesiva circumscripta 
et cystica might be the macroscopic 
counterpart to the microscopic changes 
described in this paper. As shown by 
Qseki,? meningitic reactions without 
clinical manifestations are often seen in —— 





15. Large cyst in left) ventral root 
many general infectious diseases. At from 5th lumbar segment. $.83-42 (82. years 


present, at any rate it seems impossible old). The nervous tissue of the root forms only 
. s « < « . . . oe 


a thin shell around the eyst. Note mass of 


to exclude the possibility that such debris inside. Bodian stain; X50. 


meningitic inflammatory — reactions 
might result in changes, such as those described above. 

The clinical importance of the condition is equally difficult to evaluate. 
The life-history of the investigated cases was not known in sufficient detail 
to allow any conclusion in this respect. Naturally the development of arach- 
noidal proliferations of the severity seen in some of the cases must give 
symptoms from the affected roots. It seems clear, moreover, that a nerve 
root thus affected must be a locus minoris resistentiae. There is an intimate 
relation between the thickened arachnoidal tissue and the nerve fibres of the 
root. In the case of a new inflammatory meningitic reaction, even a mild 
swelling of the arachnoidea would affect the root fascicles in the cramped 
space in the dural sheaths and give rise to symptoms of a radiculitis. It 
seems that one could not exclude the possibility that some such mechanism 
might be the cause of certain cases of sciatica with obscure etiology. The 
same might be the case with other inflammatory states of the nerve roots. 


Figs. 10-14. Arachnoidal proliferation with deformation of left dorsal root from 2nd lumbar segment, 
shown in a series of microphotographs. Case K.224-43. The fairly large proliferation takes up much room 
inside the dural sheath and pushes the root to one side. In Fig. 14 the beginning of the spinal ganglion is 
marked by the appearance of a cluster of nerve cells. AMH stain; 50. 
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MiG. 16. Small cyst in left ventral root from segment in Case K.224-43. Note delicate wall of the cyst 
and sound appearance of the adjacent nerve fibres. AMH stain; X80. 





Fig. 17. Small eyst in right dorsal root from 2nd segment in Case K.224-43. AMH stain; X65. 
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Fig. 18. Proliferated arachnoidal tissue penetrating the dense dura mater. AMHL stain; X80. 


SUMMARY 
Around human nerve roots on their entry into the intervertebral fora- 
mina there has been found in some cases a pathological thickening and pro- 
liferation of the arachnoidea. These circumscribed proliferations resulted in 
the most extreme cases in severe deformation of the nerve roots and were 
connected with cystic formations in the root fascicles themselves. 
The etiology and importance of the condition is discussed. 
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CEREBRAL ANGIOGRAPHY: A TECHNIQUE USING 
DILUTE DIODRAST 


FRANC D. INGRAHAM, M.D., anp CULLY A. COBB, JR., M.D.* 
Neurosurgical Service, The Children’s Hospital, Surgical Service, Peter Bent Brigham Hos pital, 
and Department of Surgery, Harvard Medical School, Boston, Massachusetts 


(Received for publication April 5, 1947) 


HE INTRODUCTION of radio-opaque materials into the fluid-filled cavities 

of the body has accompanied the development of radiology since its 

early days. Injection of the vascular system is desirable as a diagnostic 
measure since blood vessels reach all organs and form there a regular 
pattern. However, there are two serious disadvantages. First, no material 
may be injected which can serve as an embolus or which is irritating to the 
vessels themselves; second, the rapid movement of blood makes the timing 
of X-rays difficult. Numerous variations in contrast media and techniques 
have been suggested to meet these difficulties in angiography of different 
structures. 

The brain is especially well suited to study by angiography. It is invested 
with a system of quite large vessels, displacement of which can be recognized 
without difficulty; the vessels themselves may be affected by disease; and 
arteries carrying the entire blood supply are easily reached in the neck. 
The value of cerebral angiography in diagnosis has been well shown in the 
work of Moniz,'7'* Elvidge,’ Gross,’ List,"4 and many others. Yet the rather 
tedious procedures requiring special X-ray equipment, the lack of an en- 
tirely satisfactory contrast medium, and the possible danger to patients have 
barred the method from general acceptance. These subjects: contrast media 
for angiography, and the technique of cerebral angiography, will be reviewed 
and a method which has been safe and satisfactory in our hands will be pre- 
sented. 


CONTRAST MEDIA FOR ANGIOGRAPHY 

The choice among contrast media has been a difficult one, for each ma- 
terial has had certain definite faults. Moniz first used strontium bromide 
and then sodium iodide, both of which caused serious reactions. In 1931 he 
adopted thorotrast, a material which produced X-ray films of excellent 
diagnostic quality and caused little or no immediate reaction. Its drawback 
lay in its high and lasting radioactivity, together with almost quantitative 
storage in the reticuloendothelial system.?* Despite this it has been chosen 
for almost all cerebral angiograms and is looked upon favorably by most of 
those who have published reports of their work in this field.?:'* 

*Thorotrast” is the trade name for a colloidal preparation of thorium 


* Resident’ Neurosurgeon, The Children’s Hospital, Harvey Cushing Fellow in Neurosurgery, 
Peter Bent Brigham Hospital, Assistant in Surgery, Harvard Medical School. 
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dioxide. When studied by the Council on Pharmacy and Chemistry of the 
American Medical Association in 1932,' it was rejected for intravenous 
injection because of its radioactivity. The thorium which causes this is an 
unstable element having a pattern of decomposition like that of uranium. 
It produces a series of daughter elements, each existing in equilibrium with 
the ones above and below in the series of decomposition, so that the radio- 
activity remains approximately unchanged. Three emanations are produced 
by this decomposition, alpha particles or rays, beta rays, and gamma rays. 
Radium therapy of tumors is accomplished largely by the effect of the beta 
rays. In toxicity for normal tissues, however, the alpha rays are much the 
strongest, in ratio with beta and gamma rays as 10,000 is to 100 and to 1. 
Since their penetration is weak, the alpha rays are easily filtered out when 
radium is used for therapy. Alpha rays form the predominant emanation of 
thorium and thus a high toxicity is to be expected. 

Two general types of tissue damage have been shown to be caused by the 
radioactivity of thorium: necrosis which is followed by searring, and sarco- 
genesis.” Both of these reactions were first observed in watch workers who 
painted luminous dials. Careful studies of these patients were made by Mart- 
land'® and the insidious nature of the thorium poisoning was brought to light. 
In experimental animals thorotrast injected intravenously is deposited in the 
liver, spleen, bone marrow and lymph nodes, and the changes of irradiation 
damage develop slowly over a period of several years.*:!"” Sarcoma of the 
peritoneum was produced in rats by Roussy, Oberling and Guérin®! with 
intraperitoneal injections of thorotrast. Selbie?’ was able to cause peritoneal 
sarcoma with as little as 0.6 cc. of thorotrast. 

The ultimate danger of sarcoma in man has been stressed by those who 
have conducted studies in animals. This complication has failed to appear 
among patients, however, and those who prefer to use thorotrast’ have 
allowed this to outweigh the experimental evidence. The recent case of Mac- 
Mahon, Murphy and Bates,’ one of the first patients studied a number of 
vears after thorotrast injection, shows that man is no exception. This pa- 
tient died at the age of 70 of hemorrhage from a primary endothelial-cell 
sarcoma of the liver. Seventy-five ce. of thorotrast had been injected 12 
vears earlier to outline a gumma of the liver. There was widespread irradia- 
tion injury, especially in the liver and the hematopoietic system. The greatest 
concentration of thorotrast lay in the liver and the tumor had originated 
“in immediate association with the largest single deposition of this material 
in the body.” The other changes of irradiation are well shown in this case. 
The liver parenchyma was damaged and extensive fibrosis had occurred in 
the portal areas. Thorotrast was present in the reticuloendothelial system of 
bone marrow, spleen, liver and lymph nodes, and all of these structures 
showed damage. The smooth muscle and elastica of blood vessels were af- 
fected. 

Findings similar to these were reported earlier by Jacobson and Rosen- 
baum!" in a patient who had received thorotrast 5 years before death. Their 











424 FRANC D. INGRAHAM AND CULLY A. COBB, JR. 


patient had not developed sarcoma. Immediate damage to the brain follow- 
ing angiography with thorotrast has been reported by Nordman, by North- 
field and Russell,?° and by Ekstrém and Lindgren.’ The lesions were usually 
microscopic and closely associated with the smaller blood vessels. Small 
emboli of thorotrast could be seen in the lumens of some of the sectioned ves- 
sels. Except in a few cases the injury was not sufficient to have changed the 
patients’ condition greatly. 

No quantitative estimation of the power of thorotrast to produce sarcoma 
in man is possible at present. Probably some injury is caused in most pa- 
tients who survive 5 to 10 years or more and this danger is ample reason to 
avoid the use of thorotrast for intravascular injection except in’ special 
cases. 

In 1989 Gross,’ Torkildsen,?> and Pool,’ independently employed dio- 
drast for cerebral angiography. This material, called perabrodil in the Euro- 
pean literature, is the 3,5 diodo-4-pyridone-N-acetate of diethanolamine. 
It contains about 50 per cent fixed iodine, is highly soluble and is stable in 
aqueous solution, It is excreted quickly and unchanged in the urine following 
intravenous or subcutaneous injection and is widely used for intravenous 
urography. Individuals may develop sensitivity to diodrast and for this 
reason a preliminary ocular or intradermal sensitivity test should be made.’ 
No significant systemic responses to diodrast are observed except those 
attributable to the injection of hypertonic solutions. Thirty-five per cent 
solutions of diodrast are approximately twice isotonic. 

Investigations using experimental animals for cerebral angiography with 
diodrast have been reported by Gross’ in 1939 and by Kristiansen and Cam- 
mermeyer” in 1942. Gross made common carotid injections in dogs under 
nembutal anesthesia. Five received 30 ce. of a 70 per cent solution, and one 
each 30 ce. of a 50 per cent solution and a 35 per cent solution. There were 
no physiological changes observed and no changes in the brain were found 
when the animals were sacrificed. The angiograms of the first group showed 
good contrast but those of the animals receiving 35 per cent and 50 per cent 
diodrast were not of satisfactory diagnostic quality. Kristiansen and Cam- 
mermeyer reported 17 injections of 35 per cent perabrodil into the common 
carotid artery in 13 rabbits without lasting physiological changes. The 
animals were sacrificed after varying periods and no lesions in the brain 
were found. 

The first group of patients in whom diodrast angiography was reported 
by Gross received injections of 15 cc. of 70 per cent diodrast. Of the 10 pa- 
tients studied, 8 had mild Jacksonian convulsions and another, apparently 
suffering from a neoplasm, developed a hemiparesis 3 days following the 
angiography. In a later group of 10 patients 50 per cent diodrast was used 
with good diagnostic results. Only one of these had a mild Jacksonian 
convulsion. 

Torkildsen is reported to have used 35 per cent perabrodil for cerebral 
arteriograms in 12 patients in 1939.°° Injections of 18 to 20 ce. were made into 
the internal carotid artery. There were no complications and the arterio- 
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grams were of good diagnostic quality. Pool and Alexander used 15 ce. in- 
jections of 35 per cent diodrast for angiography in 9 patients without noting 
undesirable reactions. The visualization was not uniformly satisfactory, 
however, and no positive findings were reported. 

In the lower concentrations (35—50 per cent) diodrast is slightly less dense 
than thorotrast but it has the great theoretical advantage that the total 
amount injected may be much greater. Separate injections may be made for 
stereoscopic arteriograms and for venograms, and two or more of the great 
arteries supplying the brain may be injected at successive sittings. By in- 
jecting repeated small doses of the 35 per cent solution satisfactory visuali- 
zation has been obtained without the occurrence of untoward symptoms. 


TECHNIQUE OF ANGIOGRAPHY 

Most of the reported carotid injections have been made by surgical ex- 
posure of the common or internal carotid artery.>:?:!°'?'8 Closed injections 
of thorotrast have been made by Freeman® and by Poppen.” Local anes- 
thesia has usually been employed. The apparatus most commonly used 
consists of a large needle which may be curved,’ a rubber connecting tube, 
and a syringe of from 10 to 30 ce. capacity. Vertebral angiograms have been 
made by direct exposure of the artery in the neck or by retrograde injection 
of the subclavian artery” or carotid artery.° 

The X-rays are usually made in either of two ways. The best definition 
is secured by the use of the Potter-Bucky diaphragm. A rapid cassette 
changer of the type used by Moniz” is of value when thorotrast is used since 
the number of injections must be limited. The ideal solution to this problem 
would seem to lie in cinematography of the organ to be visualized during 
the passage of the contrast medium through its vascular network. This has 
been achieved by Holm!'® who found that new disadvantages appeared. 
Photographing a fluorescent screen with the best optical system available, 
he was unable to show detail in the cerebral angiogram approaching that 
recorded by an ordinary X-ray film. In cases where the general pattern of 
flow was of greatest interest he favored the use of this method, advising 
against it when exact detail was important. 


CLINICAL OBSERVATIONS 


Twenty-five patients ranging in age from 1 year and 10 months to 68 
years have received two or more injections of 10 ce. of 35 per cent diodrast 
during the past 8 years. Light pentothal anesthesia was used for all except 4 
young children who received ether. For carotid angiograms the common 
varotid artery was exposed in the neck; for vertebral injections the artery 
was exposed just below its entrance into the foramen of the 6th cervical 
vertebra. Stereoscopic X-rays were made in all cases. 

Equipment. The instruments used for angiography, except those needed to expose the 
artery, are shown in Fig. 1. The only unusual one is the special angiogram needle (Fig. 2) 
which greatly simplifies the critical stage of injection. It is a number 18 needle having a curve 
of about 60 degrees with its bevel on the outer side of the curve. A rounded shoulder 4 mm. 
above the opening is placed eccentrically so that its plane of contact with the artery when the 
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Fig. 1. The instruments used for cerebral angiography. 





needle is in place is at an angle of about 45 degrees. 
This allows the shoulder to form a tight seal and to 
prevent the needle from advancing into the artery, yet 
without damaging the vessel wall. This needle was 
designed after difficulty had been experienced in avoid- 
ing extravasation and in making accurately timed in 
jections when ordinary needles were used. 

A syringe of the type required for angiography 
may be a dangerous lever against the artery when 
connected in the usual way. This has been avoided in 
the past by the use of a rubber connecting tube be- 
tween the syringe and needle. Such a system is not 
desirable however since the apparatus becomes un- 
wieldy and the hydraulic system is enlarged, increasing 
the danger of clotting in the tubing and making the 
timing of injections more difficult. We have obviated 
the need for a connecting tube by attaching the syringe 
to the side of an ordinary three-way stopcock (Fig. 4). 
The needle is easily held in position and changing of 
syringes is facilitated. Ten ec. Yale B-D Lok syringes, 
having metal handles, are used. It is possible to make 
the injection under much greater control with this 
type of syringe than with larger ones. 


Fic. 2. Angiogram needle. 
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X-ray Technique. The angiograms were made with the equipment ordinarily used for 
X-rays of the skull at the Peter Bent Brigham Hospital and at The Children’s Hospital. 
Exposure times of from 0.2 to 0.4 sec. were allowed with the output of the N-ray tube ad- 
justed to provide skull films of normal density with the Potter-Bucky diaphragm. 

Operative Procedure. The common carotid artery is exposed through a short transverse 
incision 2 to 38cm. above the clavicle. A single loop of moist cotton tape is placed around the 
artery and attached to a hemostat. While gentle traction is made, the angiogram needle is 
inserted about 2 1am. above the tape with the stopcock in the off position (Fig. 3). After one 
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ia. 3. The angiogram needle inserted into the carotid artery. 


of the 10 ce. Yale B-D Lok syringes containing diodrast has been attached to the side arm of 
the stopeock the anode of the X-ray tube is started in rotation. The stopcock is turned to con- 
nect. the syringe and needle and a stream of blood entering the syringe demonstrates the 
patency of the system (Fig. 4). The injection of 10 ce. is made in approximately 2 seconds, 
and as the 2 ec. mark is crossed the X-ray technician is asked to expose the film. The actual 
exposure coincides with the completion of the injection. After the roentgenogram is made the 
valve is turned off and the syringe is disconnected, 

This procedure is repeated for the stereoscopic duplicate and for an anteroposterior arterio- 
gram. The needle is left in place until the X-rays are developed. It is then withdrawn and 
pressure is made against the arterial puncture until bleeding stops. The wound is irrigated 
with saline and closed with interrupted silk sutures. 


Results. In 25 successive angiograms the X-rays were of satisfactory 
quality for diagnosis in all but 2. There were positive findings in 9 cases, over 
one-third of all the patients studied. The syndromes which led us to perform 
angiography could be divided into four general groups: 10 of the patients had 
previously had spontaneous subarachnoid hemorrhage; 4 were admitted with 
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unilateral ophthalmoplegia, one with subarachnoid hemorrhage at the same 
time; 8 of the remaining patients had other signs of an expanding intracranial 
lesion, and 4 had multiple hemangiomata. The positive findings of arteriog- 
raphy were as follows: aneurysm of internal carotid artery, 4; aneurysm of 
middle cerebral artery, 2; arteriovenous angioma, 2; glioma involving the 
falx, 1. 

In no case could untoward symptoms be attributed to the procedure. 
Two of the patients complained of headache on awakening but the headache 
disappeared within 24 hours. There was no postoperative fever that could 





Fic. 4. A syringe has been attached and the valve turned in to connect it with the needle. 


be considered significant in patients who had been anesthetized. Most of 
the patients complained of some discomfort in the neck on awakening. There 
were no convulsions or disturbances of motor function. The sutures were 
removed on the second postoperative day and in all cases the wounds healed 
well without signs of irritation by the diodrast. 

It is worthy of note that 8 of the patients in this group were children, 
3 of whom were under 4 years of age. Fig. 5 shows the normal carotid arterio- 
gram in a child of 2 years 3 months. This seems to be a safe method of study 
of intracranial disease in young patients. 

It has been possible to study the brains of two of the adult patients who 
died a considerable time following angiography. One was a 29-year-old 
woman with a large glioma of the left parietal lobe involving the falx. An 
autopsy conducted at the time of death 4 months after the angiogram showed 
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no lesion of the brain that could have been caused by the diodrast injection. 
The second patient was a 23-year-old veteran in whom an aneurysm of the 
middle cerebral artery had been demonstrated. Two weeks after ligation of 
the internal carotid artery and 5 weeks after angiography, a fatal subarach- 





Fic. 5. Normal carotid arteriogram; child aged 2 years and 3 months. 


noid hemorrhage occurred. Study of the brain again failed to show histo- 
logie changes that could be attributed to the angiography. 

The following case histories show the special value of angiography under 
different conditions. 


Case 1. An 8-year-old school boy, previously healthy, entered the hospital on May 28, 
1946, in semi-coma. T'wo days before admission, after taking a cold bath, he complained of a 
headache and lay down on a couch. Thirty minutes later he could not be aroused. He was 
taken to another hospital where he was found to be in vascular shock with bloody spinal fluid 
and right hemiparesis. On admission to The Children’s Hospital he was irritable and disor- 
iented. He complained of headache and lay in a position of opisthotonus. The blood pressure 
was 170/115, there was a right hemiparesis, and the spinal fluid contained 45,000 erythrocytes. 
An electroencephalogram showed marked slowing over the entire left hemisphere. The patient 
improved slowly and on June 25 a left common carotid arteriogram demonstrated an ir- 
regular collection of dye near the sella turcica, considered to be an aneurysm partly filled by 
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a blood clot. The carotid artery was ligated on July 11, 1946. The patient was well and active 
in March of 1947. 


Comment. This case shows the possibility of spontaneous subarachnoid 
hemorrhage, apparently from an aneurysm of the circle of Willis, in 





Fic. 6. Case 2. Arteriovenous aneurysm of posterior parietal artery. (A) Artery. (An) Aneurysm. 
(V) Vein. (S) Longitudinal sinus. 


childhood. By angiography it was possible to find the source of bleeding and 
to decide what plan of management should be followed. 


Case 2. A 25-year-old housewife entered the hospital on May 20, 1946, in coma of 2 hours’ 
duration. At about 10 a.m., following a normal breakfast, speech became difficult and the 
patient felt giddy and nauseated. She summoned a friend from a nearby apartment by tele- 
phone but by the time the neighbor arrived she could only say, “I don’t know.” She rapidly 
grew drowsy and began to vomit projectilely. When she reached the Peter Bent Brigham Hos- 
pital the patient was semi-comatose. Both pupils were dilated but reacted to light. The neck 
was held in opisthotonus. The abdominal reflexes could not be obtained and the right tendon 
reflexes were hyperactive with positive Babinski and sustained ankle clonus. There were 8100 
erythrocytes per c. mm. in the spinal fluid. The general condition improved greatly 
during the night; the following morning she was sufficiently responsive for right homonymous 
hemianopsia to be detected. On the 3rd day she was lucid, and aphasia, astereognosis, loss of 
position sense on the right and diminished sensation to pain on the right were observed. Im- 
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provement was then rapid; by the 15th day only slight aphasia and right-sided weakness re- 
mained, An electroencephalogram showed normal frequencies with amplitude asymmetry 
suggesting suppressed activity in the occipital region. A left carotid angiogram was made on 
August 31 revealing an arteriovenous aneurysm of the posterior parietal branch of the mid- 
dle cerebral artery, close to the surface of the brain and draining into the longitudinal sinus 
by a large venous channel (Fig. 6). A parieto-occipital craniotomy was performed exposing a 
dilated vein containing mixed arterial and venous blood. A small knot of vessels lay just under 

















Fic. 7. Case 3. Saccular aneurysm of the internal carotid artery arising at origin of posterior 
communicating artery (see Fig. 8). 


the surface of the brain. When tantalum clips had been applied to the arterial supply of this 
angioma, arterial blood ceased to enter the large superficial vein. The patient was well in 
March, 1947. 


Comment. This patient was thought at first to have an aneurysm in the 
Rolandic portion of the middle cerebral artery. The possibility of surgical 
treatment seemed so unlikely that several of her attending physicians pre- 
ferred not to have angiograms made. Yet the exact location of the lesion 
which was shown to be most favorably placed for surgery could have been 
learned in no other way. 


Case 3. A 52-year-old laundry worker entered the Peter Bent Brigham Hospital on Oct. 
10, 1946, 2 weeks following an acute episode of nausea, vomiting and intense headache. Head- 
ache persisted and 12 days after the onset of symptoms diplopia and ptosis of the right eyelid 
appeared. At the time of admission the patient appeared to be somewhat confused and quite 
uncomfortable. The blood pressure was 210/130. There was complete paralysis of the right 
3rd and 4th cranial nerves. Eyegrounds showed narrow arteries with nicking of the veins and, 
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on the left, several hemorrhages. The spinal fluid was xanthochromic. She improved steadily 
and on the 20th hospital day was scheduled for an angiogram at 2:30 p.m. Forty-five minutes 
earlier, while walking about the ward, she suddenly felt faint and returned to bed complaining 
of a stiff neck. The cerebrospinal fluid contained 100,000 erythrocytes per ¢. mm. ‘Twenty- 
five days later, after complete clearing of the cerebrospinal fluid, she appeared entirely well 
except for the ophthalmoplegia which remained unchanged. A right common carotid arterio- 
gram was made showing a large saccular aneurysm of the internal carotid artery at the level 
of the posterior communicating artery (Fig. 7). Just above this lesion on the posterior wall of 
the artery, an irregular arteriosclerotic plaque was outlined (Fig. 8). Seventeen days after the 








Fic. 8. Enlarged view of aneurysm and arteriosclerotic plaque (P) on posterior wall 
of artery (see Fig. 7). 


arteriogram the common carotid artery was ligated. In February of 1947 the eye signs had 
improved slightly and the patient appeared to be in good health despite her hypertension 


Comment. In the presence of hypertension an angiogram would not have 
been planned for this patient if the eye signs characteristic of aneurysm 
at the bifurcation of the internal carotid artery had not appeared. The oc- 
currence of a second hemorrhage less than an hour before the scheduled 
angiogram presented a remarkable situation: if this had happened an hour, 
or even 24 hours later it would have been attributed to the diodrast injection, 
yet when the injection was made at a later date there were no untoward 
changes. The findings here are of great interest. The aneurysm is in a suitable 
position for a “trapping” operation. On the other hand, the finding of an 
arteriosclerotic plaque just above the lesion in the presence of hypertension 
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formed a strong indication for conservative management. The detailed plan 
for this patient’s care rested largely upon the information learned through 
angiography. 


SUMMARY 

Nineteen years have passed since Moniz introduced cerebral angiog- 
raphy, yet, because of its technical difficulty and its possible danger to pa- 
tients this diagnostic method has not come into general use. 

Thorotrast has been the most widely employed contrast medium, al- 
though its dangers have been well known. Evidence is now beginning to 
appear in the literature that this material may cause sarcoma and other types 
of radiation damage in man as well as in experimental animals. 

Diodrast (perabrodil) is a suitable medium for cerebral angiography. It 
is inert in the body, quickly excreted, and highly soluble. When large 
quantities of a concentrated solution are used in angiography reactions at- 
tributable to the hypertonicity of the solution may be encountered. To 
obviate the occurrence of reactions a method of injecting small quantities 
of dilute solutions of diodrast with a special angiogram needle is presented. 
In 25 successive operations, the patients ranged in age from 2 to 67 years, 
the diagnostic quality of the X-rays was satisfactory in all but 2; positive 
findings were frequent (9) and there were no undesirable effects. 

Diodrast appears to be a safe contrast medium for cerebral angiography 
in both adults and children when used in this way. Roentgenograms of satis- 
factory quality are secured and several injections may be made for stereo- 
scopic arteriograms, for anteroposterior projection, and for demonstration 
of two or more of the four arterial networks of the brain. 
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THE SURGICAL RELIEF OF SPASTICITY IN 
PARAPLEGIC PATIENTS 


I. ANTERIOR RHIZOTOMY 
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lik USUAL course for patients who have suffered trauma to the spinal 

cord follows from flaccidity immediately after injury, to spasticity in a 

matter of weeks, to paraplegia in flexion, and then to death in general 
and urinary sepsis within several years. Nursing care becomes increasingly 
difficult when the limbs cannot be properly positioned because of spasm, 
and bed sores develop over the trochanters and sacrum, advancing in some 
cases to complete destruction of the hip joints and sacrum. One is left with 
the impression that something drastic must be done in a effort to alter this 
course of events. The remarkable results usually obtained with anterior 
rhizotomy make it appear that a report of some experience with the surgical 
treatment of advanced spasticity is warranted. 

Of approximately 700 paraplegic patients who have come under observa- 
tion, some 230 had spasticity of varying degrees. Of these, about 70 have had 
spasm of sufficient severity to warrant surgical considerations. Fifteen of 
these patients were subjected to anterior rhizotomy by the authors and 
an additional 13 have been operated upon by other surgeons. All cases 
were done for spasticity of the legs and abdomen. In several of the cases 
one or more posterior roots were sectioned in addition to the anterior roots 
without noticeable difference in the effects. The indications for operation 
in almost every case were as follows: (a) marked, disabling spasm of the 
flexion-adduction type, with or without contractures; (b) wasting debility 
which responded poorly to supportive therapy; (c) severe decubitus ulcers, 
enlarging in spite of intensive treatment; and (d) a markedly hypertonic 
bladder with small capacity, and often intolerant of a suprapubic catheter. 
Most patients had proven transection of the cord or had failure of return of 
function after one year. However, lack of proof of transection did not serve 
as a deterrent factor when debility was advanced. In a few cases the pres- 
ence of large decubitus ulcers extending to the projected operative area 
caused a delay in the initiation of the procedure. 


SURGICAL TECHNIQUE 
The surgical technique used by the authors in 15 cases was as follows: Preoperative roent- 


* Present address: Department of Surgery, Yale University School of Medicine, New Haven, 
Connecticut. 
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genograms of the lumbodorsal area were obtained. In early cases of the series, a marker was 
placed over what was believed to be the 12th dorsal process, and the roentgenograms were 
then taken. The location of the 12th dorsal process was marked with silver nitrate on the skin 
and with subcutaneous methylene blue. Laminectomy of the Ist lumbar and 12th dorsal 
vertebrae was carried out, usually under local anesthesia or no anesthesia other than that 
provided by the original injury. The dura mater was opened and the field was inspected for 
the location of the conus medullaris. If it was not completely in the field, the laminectomy 
was extended as far as necessary. In some cases, the 11th dorsal vertebra was included in the 
laminectomy in order to visualize the 10th root. The arachnoid was then opened. The last 
dentate ligament was grasped medial to the overlying posterior root with a small hemostat 
and was severed. The cord could then be rotated and the anterior roots exposed. The point of 
exit of the 12th root was used for orientation. After separating the larger blood vessels from 
the roots, section was carricd out between two silver clips, starting with the 11th or 12th 
thoracic and continuing downward through the Ist sacral. The roots were sectioned bilater- 
ally. Each root was stimulated mechanically before section to avoid mistaking a posterior 
root from the opposite side. A careful count of the number of roots sectioned was kept. An 
additional point of orientation was felt to be had in that the 5th lumbar root was often larger 


After section of all anterior roots from the Ith or 12th thoracic to and including the Ist sacral 
was thought to be completed, rough testing of the limbs was done. In 4 cases, the presence of 
residual spasticity required careful re-examination of the sectioned roots. In each of these 
cases, the missed filaments were found and sectioned. Closure was carried out in layers with 
black silk sutures. 

This technique closely approximates that described by Munro.* The 11th thoracic pos- 
terior roots were sacrificed in several of these cases when complete exposure of that root would 
have required further delamination. All patients were supported by transfusions and were 
placed on penicillin therapy. 

RESULTS 

The severe, deforming spasms were relieved in all cases. All patients 
are still alive, 8 to 19 months postoperatively. The contractures, differenti- 
ated from flexion spasms by preoperative spinal anesthesia, were corrected 
by the second postoperative month without further surgery in all but one 
case. This patient was subjected to tenotomy of the hamstring and Achilles’ 
tendons prior to anterior rhizotomy (see Case 1). Non-disabling residual 
spasticity was noted in 5 cases. 

The remarkable gain in weight that occurred in all cases was in itself 
extremely gratifying. Only one patient of this group failed to gain at least 
30 pounds within 38 months after operation, and one patient had to be put on 
a reducing diet 6 months after operation, having gained close to 100 pounds 
in weight. Decubitus ulcers began to show signs of healing and have been 
successfully closed by dermoplastic procedures! once the spasticity was 
abolished. Morale picked up tremendously. Nursing care was simplified, 
and following a vigorous course of rehabilitation, self-care of such a high 
order was usually obtained that nursing care was no longer necessary. The 
technique of physical rehabilitation of paraplegic patients will be the subject 
of a separate communication. Many of these patients have subsequently 
gone home and are in good health at the present time. 

In no case of this series was a permanently flaccid bladder produced. 
All showed hypertonic bladders with postoperative capacities ranging from 
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250 to 400 ce., in contrast to the preoperative hypertonicity with capacities 
of 50 to 150 ce. All but two have abandoned catheters and are running resid- 
uals of less than an ounce. The preoperative bladder care, which followed 
the outlines of Munro,’ was continued postoperatively. After removal of the 
catheters, great care Is exercised in assuring Complete evacuation of the 
bladder. This is accomplished by evacuation “by the clock” or as soon as 
such signals as “goose pimples” appeared, utilizing Crede pressure, standing 
in braces, or whatever is necessary in the individual case. Frequent measure- 
ments of residual urine are made in order to determine the efficiency of the 
means of evacuation. A residual urine of more than one ounce was not con- 
sidered satisfactory. 

All but the two patients recently operated upon are ambulant with braces 
and crutches. 


REPRESENTATIVE CASES 

Case 1. “G.” This 38-year-old private first class in the infantry was wounded in action on 
July 25, 1944 by high explosive shell fragments which struck him in the lower cervical and 
upper dorsal regions, producing compound, comminuted fractures of the spinous processes 
and laminae of the 8rd and 4th dorsal vertebrae, Paralysis from the nipple line downward was 
immediate and complete. On July 27, 1944, a laminectomy of the 8rd and 4th dorsal vertebrae 
was carried out, with removal of foreign bodies from the substance of the cord. The cord 
showed almost complete anatomic interruption. A suprapubic cystostomy was done on July 
28, 1944. He arrived in the States in late October, 1944. 

On examination he was found to have lost 60 pounds of weight and had huge decubitus 
ulcers of the heels, sacrum, and ischial spines. Spasticity was advanced and was entirely flexor 
in nature. The bladder had a capacity of 75 ec. and would often extrude the suprapubie tube. 
Repeated transfusions of plasma and whole blood with high protein diet were required. Fre- 
quent bouts of urinary tract infection made his prognosis seem hopeless. By March 1, 1945, 
his spasticity had increased to a severe paraplegia in flexion. The knees had eroded the 
skin from the chest and from their patellar and medial surfaces. The two os calei were widely 
exposed, as were the sacrum and ischii. Spinal anesthesia demonstrated that there were 
marked contractures of all muscle groups in both legs. Since the sacral decubitus ulcer extend- 
ed well up into the area of any intended laminectomy for rhizotomy, absolute alcohol in 1 ce. 
quantities was injected directly into the spinal cord between the 9th and l0th and between the 
10th and 11th dorsal vertebrae on April 19, 1945. This was followed by approximately 10 
days of complete flaccidity and the procedure was repeated on May 1, 1945. The second injee- 
tion was marked by the appearance of a right Horner’s syndrome and anesthesia in the right 
ulnar distribution, but the bladder status was not appreciably affected. These complications 
subsided within a week and tenotomies of the hamstring and Achilles’ tendons were carried 
out on May 7, 1945. A split thickness graft was applied to the left knee with rapid coverage 
of the granulating area. Flaccidity remained for approximately 6 weeks, during which time 
the bed sores began to show signs of healing and weight was gained. However, with the re- 
appearance of the spasticity, the skin graft of the knee eroded away and the other decubiti 
began to look worse. 

An anterior rhizotomy of the 11th thoracic through the Ist sacral anterior spinal roots was 
carried out bilaterally without anesthesia on Aug. 3, 1945, resulting in complete disappear- 
ance of all spasms in the legs. On Aug. 25, 1945, excision and primary closure of the sacral 
decubitus was done, with primary healing. Both ischial decubiti healed after they were ex- 
cised and closed on Nov. 16, 1945. Following the rhizotomy, the bladder capacity increased 
to 300 to 350 ce. The suprapubic tube was removed and the sinus closed spontaneously. 
After a short period of tidal drainage, cystometrograms showed a bladder with 55 em. of 
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water pressure at 400 cc. of fluid. Voluntary efforts raised this to 90 em, of water pressure. 
A trial removal of the urethral catheter showed residual urine as high as 8 ounces, and 
tidal drainage was reinstituted for several weeks. Following this, residual urine remained 
at about 1 ounce. He was given intensive physiotherapy and was fitted with long leg braces. 
Ambulation with braces and crutches was learned and the patient returned home. The 
patient has regained his original weight and has been free from urinary tract infection for 
over a year. 


Case 2. “R.” This 24-year-old infantry private was struck by shell fragments on Sept. 12, 
1944, suffering compound, comminuted fractures of the laminae of the 3rd, 4th, and Sth 
dorsal vertebrae with immediate paralysis from the nipple line downward. On the following 
day a laminectomy of the involved vertebrae was carried out, and the cord was found to be 
almost completely severed. On the same day a suprapubic cystostomy was performed. In the 
process of evacuation, decubitus uleers developed on both hips, both heels, and the sacrum. 
On arrival in the States, these large ulcers were debrided. Weight loss was about 70 pounds. 
Approximately 2 months following injury, spasticity began to appear and gradually increased 
until by March 1, 1945, his legs were constantly flexed in a typical position of paraplegia 
in flexion. Small deep grafts applied on two different occasions to the granulating decubitus 
ulcers failed to take because of severe spasms. The patient required transfusions of whole 
blood and plasma at weekly intervals. Calculi developed bilaterally in the renal pelves, but 
fortunately passed into the bladder, after the patient had been put in a sitting position for sev- 
eral hours daily. The caleuli were removed from the bladder eystoscopically. On Aug. 7, 1945, 
a plastic closure of the sacral decubitus ulcer, which measured 4 by 6 inches, was done with 
healing by primary intention. During the period of recumbency following surgery, stones re- 
formed in both renal pelves. These also passed into the bladder after the patient had been up 
ina chair and they were removed cystoscopically. 

On Sept. 10, 1945, a rhizotomy of the anterior spinal roots from the 11th thoracic through 
the Ist sacral was carried out. This was followed by complete relaxation of all the muscles of 
the lower extremities, and contractures which had been demonstrated preoperatively by 
spinal anesthesia were completely overcome within 6 weeks with intensive physiotherapy. He 
was fitted with long leg braces, and ambulation was started. Despite his lack of enthusiasm 
for and feeble participation in crutch walking, he had no recurrence of stones at this time. On 
Dec, 8, 1945, an excision and primary closure of the decubitus ulcer on the right hip was car- 
ried out, leaving a small defect over the soft tissues. This was later covered with small deep 
grafts. On Jan. 15, 1946, the decubitus ulcer on his left hip was excised and closed with dermo- 
plastic flaps; healing was per primum. From the time of his arrival in the States, some form 
of tidal irrigation was constantly in use. At the height of the spasticity, the capacity of the 
bladder was 50 ec., and the cystometric studies showed marked hypertonicity. Following 
rhizotomy, the bladder capacity ranged from 350 to 450 ec., and cystometric examinations 
showed a pressure of 60 em. of water with 400 cc. of fluid. The suprapubic sinus was allowed 
to heal with a urethral catheter in place, and tidal drainage was re-established. When the 
urethral catheter was removed, bladder function was automatic, with approximately 1 ounce 
of residual urine. Ambulation was still not vigorously pursued until renal calculi appeared for 
the third time, and the patient was finally convinced of its value. These stones passed, as had the 
others, with intensive ambulation. There has been no recurrence of renal calculi in the past 10 
months. Weight gain began promptly after the rhizotomy and closure of the decubitus ulcers. 
No further transfusions were necessary. 


COMMENT 


Munro first carried out the procedure of anterior rhizotomy for spasticity 
following spinal cord injury in a case with proven spinal cord transection 
in 1933. His first 2 patients had residual spasm and another was operated 
upon three times before sufficient roots were severed. Of the authors’ 15 
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cases, unilateral extension of the toes was noted in 8 and unilateral flexion 
of the hip in 2 postoperatively. None of the residual spasm was sufficient 
to hinder ambulation or rehabilitation of the bladder. Of the 13 patients that 
were operated upon by other surgeons and followed by the authors, 5 had 
residual spasm. Of these, 2 will require further surgery since the amount of 
spasm remaining is too great to permit ambulation. The other 3 patients 
of this group have minor spasms remaining and are almost fully rehabili- 
tated. Thus, of the 28 cases observed after anterior rhizotomy, 26 can be 
stated to have been successful in producing adequate flaccidity. 

Spinal anesthesia was used in 2 and general anesthesia in 1 of the 5 
patients with residual spasticity operated upon by the authors. The anes- 
thetic made it impossible to test for residual spasm in the operating room 
with the roots still exposed. In all 3 cases the residual spasm appeared 2 
days postoperatively. The other 2 were done under local anesthesia and the 
usual tests in the operating room showed no spasm; however, mild spasm of 
the hip appeared in both after about 8 days. General anesthesia was used in 
the 5 patients with residual spasm operated upon by other surgeons. No 
note was made in these cases of mechanical stimulation of the limbs on the 
operating table as a test of the completeness of the procedure. Failure to 
sever all the intended roots because of an inability to test for spasticity on 
the operating table would seem to be one factor that could lead to poor 
results from anterior rhizotomy. In most of the cases, complete analgesia 
is already present at the operative site since the original lesion is at a much 
higher point. In a few it is necessary to infiltrate locally with novocaine. 
In the 8 patients given more than a local anesthetic by the authors, some of 
the intended roots were not severed. Because of debility, general anesthesia 
is poorly tolerated in these patients. The type of anesthesia has little to do 
with the technique of procedure, but since general and spinal anesthetics 
interfere with testing for completeness of the rhizotomy, they must be con- 
sidered as factors in any failure to produce complete flaccidity. 

Despite any attempted explanations, one fact stands out rather clearly 
in this discussion— some fibers, or whole roots, were not severed at opera- 
tion. As one proceeds toward the tip of the conus medullaris, the anterior 
roots of the two sides arise closer to each other. It is conceivable that a 
root could be grasped from the opposite side, to be resevered at another 
point when the procedure is carried out on that side. For this reason, the 
authors preferred to section the roots as close to their point of origin as was 
possible in the individual case. In 2 of the cases the gnd sacral anterior root 
was cut on one side and not on the other. In both cases, spasticity remained 
on the side on which the 2nd sacral root was not severed. There was a sur- 
prising amount of spasm still present until these roots were severed on that 
side as well. As will be noted later in the discussion, the improvement in the 
ability to identify the roots with exactitude may have served to cause preser- 
vation of the 2nd sacral roots, whereas previously these had been innocently 
sacrificed. Others factors, not fully appreciated, could be present. For this 
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reason, a review of the anatomy of the spinal nerve roots at the conus medul- 
laris was undertaken. 


ANATOMIC CONSIDERATIONS AND DISCUSSION 

The problem of identification of spinal nerve roots has apparently dis- 
turbed surgeons for many vears. Because of the difficulty involved, laminec- 
tomy over the conus medullaris alone, as advocated by Codivilla,! was 
discredited by Kiittner® as being an inaccurate approach and full delamina- 
tion to expose all roots at their point of exit from the spinal canal was 
declared necessary. Frazier® stated that experiences in the operating room 
and in the anatomy laboratory indicated to him that the 3rd sacral root was 
the last large root and could be used as a point of orientation. This was in 
agreement with the findings of Groves.’ Since the earlier work was primarily 
concerned with posterior roots, and section was often incomplete by design, 
total sensory denervation of the bladder probably occurred infrequently. 
With the advent of anterior rhizotomy for the treatment of spasticity follow- 
ing spinal cord damage as advocated by Munro,* accurate identification of 
the roots assumed new importance. Total section of all motor nerves to the 
bladder is probably undesirable, but recent unpublished work from this hos- 
pital would tend to indicate that section of selected roots would enhance 
the bladder status. However, it has been common practice to attempt to 
leave all sacral roots below the Ist intact. 

Munro® states that the last dentate ligament attaches at the 12th dorsal 
vertebra, with the Ist lumbar posterior root riding in the fork of the liga- 
ment, and he uses this as the primary point of orientation. This is in accord 
with findings of Elsberg.2; Macdonald, MeKenzie, and Botterell’ recently 
pointed out that this was not entirely reliable and showed in anatomical 
dissections that the root lying on the lowest slip of the dentate ligament 
might well be any from the 12th dorsal to the 2nd lumbar. They pointed out 
that the Ist sacral anterior root was the last large root, and as such, should 
be used as the point of orientation. 

With surgical and postoperative findings freshly in mind, 10 cadavers 
were carefully dissected with the kind permission of Professor Frank Har- 
rison of the University of Tennessee Department of Anatomy. 

From a review of the data contained in Table 1 it becomes apparent that 
small filaments of the dentate ligament may attach lower than the 12th 
dorsal vertebra. However, these are often difficult to find, and could be lost 
in freeing the arachnoid. The last firm ligament was found to be at the 12th 
dorsal vertebra in every instance but one, in which it was at the 11th on 
one side but at the 12th on the other side of the cord. Munro’ was well aware 
of the fact that this ligament might be missing on one side. The above data 
would indicate that this method of identification of the Ist lumbar root is 
reliable. The data further would indicate that using the last large root as a 
point of orientation would lead one to identify the 2nd sacral anterior root 
as the Ist sacral with as great a frequency as to identify it properly. The 
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wide variation in the location of the largest root adds more confusion. One 
point which is not brought out in the table deserves special attention for it 
is felt that herein lies the greatest source of difficulty. In 4 instances, two 
roots originated so closely to each other that it was impossible to separate 
them. Further than the field of the usual laminectomy these paired roots 
travelled inseparably, and it was only when the intervertebral foramen of the 
first was reached that accurate separation could be made in a retrograde 
direction. These paired roots were the 3rd and 4th lumbar in one instance, 
the 4th and 5th lumbar in two instances, and the 5th lumbar and Ist sacral 


TABLE 1 


Root Lying 
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in the fourth instance. These pairs would probably be called one root at 
operation and would result in a miscount and resultant section of sacral roots 
to the bladder. The demonstration strikingly emphasized several operative 
cases in which a “single root” was called two roots because “it” could not 
be enveloped in a single silver clip. Finally, one operative case should be 
cited in which a root arose between the points of origin of the usual anterior 
and posterior roots, travelled for a distance of about 3 em., then turned 
and re-entered the cord! Frazier* records several cases where lumbar roots 
failed to follow the conventional course. 

Considerable care was always exercised by the authors in attempting to 
preserve all blood vessels. Since they most frequently coursed with the 
posterior roots, this did not introduce much technical difficulty. However, 
a rather large artery was often found coursing with one or more anterior 
roots. This was likely to be any root, more frequently the 5th lumbar, 
and usually on the anterior surface. Production of a completely flaccid blad- 
der, seen in one case of the group done by other surgeons, probably resulted 
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either from complete denervation or interruption of the blood supply to the 
conus medullaris. The careful preservation of blood vessels “must be re- 
emphasized. 

The “prefixed and “post-fixed” origin of the lumbosacral plexus described 
by Sherrington’? would serve to explain some of the discrepancies in root 
size. It may be that much wider flexibility in the spinal origin of motor inner- 
vation to the limbs exists than is appreciated at present. Certainly the ap- 
pearance and size of roots that can be positively identified varies in different 
patients. In the cadavers, the largest root varied widely, as did the last 
large root. Since every effort usually was made to spare the 2nd sacral roots, 
the occasional presence of residual spasm could be explained. 

The final answer to the problem of the most accurate approach for section 
of the anterior roots would apparently lie in a return to the technique of 
exposure and identification of Tietze! and Kiittner.® However, most of the 
patients in whom anterior rhizotomy is necessary are too debilitated to 
withstand delamination from the 11th dorsal vertebra to the Ist sacral arch. 
In most of the cases, the proximity of huge sacral decubiti to the operative 
site for delamination of even the 12th dorsal and Ist lumbar vertebrae is a 
source of considerable concern. However, with the use of penicillin, no serious 
infections have occurred. It would be considerably more dangerous to extend 
the incision through a decubitus ulcer to obtain a low exposure. Conse- 
quently, application of this extensive technique could be made only in those 
‘ases of relatively mild spasticity, which usually can be controlled by non- 
surgical means. The high procedure remains the procedure of choice; with 
extreme care in the identification of roots, few errors will be made. Perhaps 
advances in the medical treatment of spasticity will eliminate the need for 
the procedure. 

The use of alcohol injection directly into the spinal cord or into the sub- 
arachnoid space, regardless of its attendant hazards, did not give flaccidity 
of a sufficient duration to warrant its use routinely. In some patients with 
large sacral decubitus ulcers, it may be necessary to utilize aleohol injections 
as a temporary procedure. Since the duration of the relief of spasticity var- 
ies from 2 days to 6 weeks, application is limited. Absolute ethyl alcohol in 
0.5 ee. quantities can be injected directly into the cord in three places above 
the conus medullaris or into the subarachnoid space in 2 ce. quantities, first 
with the patient on one side, and 10 days later on the other side. It seems 
likely that these techniques are successful only to the degree that spinal 
shock is produced, and not by the effect of aleohol on the anterior roots. The 
dangers of these methods need no further comment. 


SUMMARY 


1. Anterior rhizotomy is a life-saving procedure in far advanced para- 
plegia in flexion resulting from traumatic transection of the spinal cord. The 
resulting flaccidity allows surgical closure of decubitus ulcers, and ambula- 
tion with braces and crutches becomes possible. 
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2. Debility is not a contraindication to rhizotomy, but should serve as an 
indication for prompt intervention. 

3. Following relief of the spasm of the lower limbs and abdominal mus- 
cles, the bladder tonus is diminished. This is probably a result of the almost 
total abolition of spasticity but may be due to the section of the 2nd sacral 
anterior roots. 

4. The last firm dentate ligament is a relatively constant finding at the 
level of the 12th dorsal vertebra, where it is contained between the Ist lum- 
bar root elements. Preoperative roentgenograms of the lumbodorsal region 
in which the 12th dorsal vertebra is marked, should be used as an additional 
check. With both the 12th thoracic and Ist lumbar roots identified, section 
of the anterior roots should proceed caudally. No root that is nearly double 
the size of its neighbor should be sectioned as one root, but as two. The Ist 
and 2nd sacral roots are the last large roots in about an equal number of 
‘ases. Stimulation of each root before severing is an aid in differentiating 
dorsal roots. The limbs should be tested for residual spasm before the wound 
is closed. Local anesthesia or no anesthesia at all should be used. 

5. Every effort should be made to preserve the larger blood vessels which 
course along the roots. Interference with the blood supply to the conus med- 
ullaris may explain the occasional development of atonic bladders. 

6. Section of selected sacral anterior roots may be indicated in some of 
the cases of neurogenic bladder which are resistant to routine methods of 
“are. 


The authors wish to express their appreciation to the following: Dr. Paul C. Buey, for his 
constant encouragement and help; Dr. H. Russell Meyers, for his instruction and guidance; 
and Dr. Donald Munro, for his aims. 
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‘ 


INCE the introduction of cerebral angiography in 1927 by Egas Moniz,’ 

studies of the cerebral circulation have been limited largely by technical 

difficulties. The purpose of this paper is to describe an additional site 
through which radiographic contrast medium may be introduced into the in- 
ternal carotid artery. The site to be described is immediately below the ca- 
rotid foramen at the base of the skull and, in our hands, has proven to be an 
advantageous method of approach in certain cases. With this method it is 
possible to obtain satisfactory angiograms, percutaneously, with 35 per cent 
diodrast. 

CONSIDERATION OF REQUIREMENTS FOR COMPLETE 
CEREBRAL ANGIOGRAPHY 

Technical considerations for complete cerebral angiography may be tabu- 
lated as follows: 

1. Complete serial exposures during the passage of contrast medium 
through the cerebral circulation by means of mechanical facilities for chang- 
ing the films rapidly. Thus, there are obtained capillary and venous phases 
as well as the arterial one. 

2. Inclusion of both the right and left carotid circulations in the study 
unless the first lateral study is unequivocal. In certain instances the verte- 
bral-basilar circulation should be included. 

3. Inclusion of stereoscopic exposures, at least in the lateral projections 
of the carotid arterial phases. 

4. Inclusion of anteroposterior projections as well as the lateral ones. 

5. Repetition of the studies whenever physiological or morphological 
change is anticipated. 

6. Choice of a suitable contrast medium. No perfect contrast medium is 
available at this time, but the choice between thorotrast and one of the or- 
ganic iodides is influenced by the volume necessary for the above considera- 
tions and their relative merits in regard to: 

a. General toxicity: both immediate and delayed (including residual ra- 

dioactivity in the case of thorotrast). 

b. Inflammatory reaction in the soft tissues of the neck and speed of 

resorption in the event of extravasation into those tissues. 

¢. Density of the radiographic image produced. 

7. Disadvantages of the incisional approach. Although an open incision 
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APPROACH TO INTERNAL CAROTID FOR ANGIOGRAPHY $45 


gives better access to the carotid and may be employed either routinely or 
when it is felt to be expedient, percutaneous methods should be less trouble- 
some procedures and, if perfected, avoid the psychological barriers to routine 
use of cerebral angiography. 

8. Preference to injection of medium as high as possible in the circulation, 
i.e., into the internal rather than the common carotid. The inclusion of the 
external carotid circulation offers no appreciable disadvantage to interpreta- 
tion, but it is our impression that it is possible to reduce the total volume or 
concentration of the contrast medium by confining the visualization to the 
internal carotid. 

The discrepancies between the optimal considerations listed above and 
the performance obtainable with methods previously described have prompt- 
ed us to report the method of high approach to the internal carotid. Al- 
though it suffers from limitations also, it has been useful in certain cases. 


ANATOMICAL CONSIDERATIONS 


An appreciation of the anatomical relationships is a necessity for this 
procedure. The internal carotid artery enters the base of the skull through 
the carotid foramen, which lies medial and slightly anterior to the base of the 
stvloid process. As viewed laterally just below the base of the skull the ca- 
rotid is framed by a triangular window formed by the styloid process posteri- 
orly, the posterior edge of the mandibular ramus anteriorly, and the base of 
the skull superiorly. Posterior to the internal carotid, but usually separated 
from it by the styloid process, lie the internal jugular vein and the last four 
cranial nerves. Anterior to the internal carotid lies the Eustachian tube. At 
the level we are considering, the internal carotid is relatively fixed because 
of the proximity to its bony canal. 


TECHNICAL METHOD : 


1. Sensitivity. Inasmuch as diodrast has been chosen asa contrast medium in this method 
some form of test for sensitivity seems to be advisable and we have considered the procedure 
contraindicated when one obtains a general history of allergy in the patient or if there is a 
positive response to an intradermal or conjunctival test.7 An oral test is also employed if the 
patient is conscious and cooperative. 

2. Premedication and Anaesthesia. Premedication has been routinely employed, consisting 
of 0.2 gm. of nembutal, orally, 2 hours before the procedure, and hypodermic injection of 
0.016 gm. of morphine with 0.0006 gm. of atropine an hour beforehand. The premedication is 
varied according to the size and condition of the patient. An ordinary shaving of the face is 
adequate; it is not necessary to shave the scalp. No further general anaesthesia is necessary. 

3. Apparatus. The apparatus prepared consists of 3 spinal puncture needles, 19 gauge, 
with a side arm attachment (Fleischer needles); 3 strong syringes of 10 or 20 cc. capacity; 60 
ce. of 35 per cent diodrast.* Before these materials are sterilized, a 35 em. length of strong 
rubber tubing, 4.5 mm. in diameter, is tied firmly to the side arm of the needle and an adapter 
which will accept the locking device of the syringe is tied to the opposite end of the length of 
rubber tubing. It is desirable to insert a short length of glass tubing, for visualization, near 
the attachment of the rubber tubing to the needle. The rubber tubing tends to prevent. jar- 
ring of the needle and keeps the operator’s hands out of the primary beam of roentgen rays. 
A rubber-covered clamp is used to prevent the needle from descending deeper into the tissues 
from its own weight, after the tip is in place in the internal carotid artery. 
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4. Positioning of the Patient. The entire examination may be carried out on a conventional 
radiographic table, although a special apparatus makes positioning and transfer of cassettes 
much easier. The definition obtained with high-speed Potter-Bucky diaphram and rotating 
anode tube is especially desirable. When a conventional radiographic table is used, the pa- 
tient is placed in the supine position; the head is rotated laterally and fixed with a clamp. 
Sand bags are placed under the shoulder and hip to allow a full lateral position of the head; 





Fig. 1. Relation of needle to carotid artery and skull. (1) Tympanie plate. (2) Styloid process. 
(3) Internal carotid artery. (4) Common carotid artery. (5) Needle. 


it is usually necessary to tilt the tube toward the feet in order to correct for the vertical tilt of 
the head. 

5. Procedure. The skin around the margin of the jaw is painted with an antiseptic and a 
sterile towel is placed around the neck. Approximately 8 ce. of 2 per cent novocaine is in- 
jected with a 22 gauge needle 6 em, in length, along the course to be followed by the spinal 
puncture needle. This injection is made only after ensuring that the needle’s tip is not in a 
blood vessel. It is important for the patient to keep the mouth closed during the procedure 
in order to avoid altering surface landmarks and disturbing the position of the needle. 

The point of entry of the spinal needle is chosen on the skin 8 mm. anterior to the posterior 
edge of the ascending ramus of the mandible at the point where the latter is most concave; 
this is at about the level of the tip of the mastoid process. The needle is directed upward and 
medially in relation to the skull and backward in line with the center of the external auditory 
canal (auricular point). The cephalad angulation is so nearly compensated by the tilt of the 
patient’s head as to bring the needle almost perpendicular in relation to the table. It must 
pass through a triangle of bone bounded by the styloid process below, the ascending ramus 
of the mandible in front and the tympanic plate above (Fig. 1). If it strikes bone within 3 or 
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‘ 


4mm. after penetrating the skin, it has struck the ascending ramus of the mandible and must 
he directed slightly more posteriorly. If it strikes the tip ef the styloid process, it should be 
directed slightly more superiorly. If it strikes bone a few mm. after clearing the tip of the 
styloid process, it has probably struck the vaginal process of the tympanic plate and should be 
directed less superiorly and more medially. When the needle passes through the wall of the 
artery, a definite “give” may be felt. On the other hand, it is frequently necessary to strike 
the medial wall of the carotid foramen and then, after removing the stylet, to withdraw the 
needle very slowly until the arterial blood gushes forth. The internal carotid artery is usually 


Pais. 





Fic. 2. Lateral angiogram indicating arterial aneurysm arising at’ bifureation of internal carotid 
artery into the anterior and middle cerebral arteries. Note that both anterior cerebral arteries are being 
supplied by the internal carotid on the injected side. 


entered at a depth of 2 or 23 inches (5.0 to 6.5 em.) from the surface of the skin in this ap- 
proach. If the needle penetrates 3 inches (7.5 em.) its tip is in the pharynx and it should be 
withdrawn and redirected more cephalad. If the patient complains of pain in the ear, the 
point of the needle is in the Eustachian tube and the needle should be redirected slightly more 
posteriorly, 

When the stylet is removed from the needle, dark or venous blood issuing from the hub 
indicates that the tip is in the jugular bulb and that the needle point should be redirected 
more anteriorly. If a clear, colorless fluid flows from the needle, it is cerebrospinal fluid from 
the anterior portion of the posterior lacerated foramen and the needle should be redirected 
more superiorly and slightly more anteriorly. (Incidentally, this site is the cerebellopontine 
angle and this method of injection may prove useful some day for the injection of a contrast 
medium; for example, in cases of suspected acoustic nerve tumor.) If bright red arterial blood 
issues from the needle at the rate of about one drop per second or faster, the needle tip is in 
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the proper position in the internal carotid artery. The rubber-covered clamp is now applied. wit 
After the needle has been thus clamped, the stopcock in the hub of the needle is turned (ha 
gently so that the bore of the needle is continuous with the rubber tubing. Before injecting the Jus' 
diodrast, we aspirate some blood into the piece of glass tubing near the needle in order to be side 
sure the tip of the needle is still in position. 35 | 
The injection should be made quickly so that 10 ce, of 35 per cent: diodrast is placed within to | 
the artery in less than 3 seconds, preferably within 2 seconds. The first film, a lateral arterio- SIO! 
gram, is made after about 7 ce. of the diodrast have been injected, while the injection is being trac 
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Fig. 3. Anteroposterior view of same injection as in Fig. 2. the j 
able 
completed. This film reveals primarily the internal carotid and the middle and anterior cere- of t] 
bral arteries (Fig. 2). The second film, a lateral phlebogram, is made as soon as cassettes can diun 
be changed, a period of time which is usually about 6 seconds after the first film is made and into 
about 5 seconds after the injection is completed. While the phlebogram is being made, blood | 
from the carotid artery is usually pushing the barrel of the syringe back and when prepara- e le} 
tions are made for the second injection, there are usually about 8 cc. of blood in the syringe, tient 
which is then changed for another syringe containing 10 cc. of diodrast. At this time, the tube there 
is shifted for the other stereoscopic point. Again blood is aspirated into the syringe and injec- tages 
tion made as for the first arteriogram., 
It is possible then to make an anteroposterior projection of the arteriogram by carrying out 
the following steps: The sandbag is removed from under the shoulder, the head rotated so 
that it rests on the occiput and the shoulder depressed so that the needle can be approached I 
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without interference. If the flow of arterial blood into the syringe continues, anteroposterior 
(half axial or Towne projection) views of the arteriogram (Fig. 3) and phlebogram are made 
just as the lateral ones were made. The entire procedure may then be repeated on the other 
side of the neck. Carrying out this full procedure on both sides of the neck requires 60 ce. of 
35 per cent diodrast. This amount is well within the quantity of diodrast usually considered 
to be safe (50 ce, of 70 per cent diodrast) for intravascular injection in a patient on one occa- 
sion. If there is any reason for performing a urogram, appropriate films of the genito-urinary 
tract can be exposed after the completion of the angiographic procedures. 

If the diodrast is injected into the carotid sheath, it causes pain which is not excessive and 
the diodrast is absorbed in less than an hour, The procedure can be repeated a few days later. 
It is advisable to avoid unnecessary stimulation of the carotid sinus and to have epinephrine 
on hand in the event of a reaction of sensitivity to the injection; 1 cc. of 1:1000 epinephrine 
was injected subcutaneously in one patient in whom urticaria developed a few minutes after 
the injection, with relief of symptoms and subsidence of the cutaneous wheals. No other com- 


plications have been encountered except an inconsequential hematoma in the neck in about 
half the cases, 


DISCUSSION 

Our present procedure for cerebral angiography is to attempt percutane- 
ous injection of the common carotid artery first.!:'! Tf this procedure is un- 
successful, we feel that percutaneous injection of the internal carotid artery. 
as described in this paper, is the next procedure of choice. Should this method 
also be unsatisfactory, direct exposure of the carotid is then employed. 24°" 
We feel that it is obvious that the procedure that we have described offers 
some advantages and suffers some disadvantages as do other methods of 
technique but that it has a place in the choice of procedures as indicated. 
Among its disadvantages may be listed lack of visualization of the artery, 
probable contraindication of thorotrast as a contrast medium because of the 
dangers of extravasation, not infrequent inability to penetrate the artery and 
maintain the position of the needle in certain patients, and a possible disad- 
vantage to working so close to other structures, such as the extension of the 
subarachnoid space, cranial nerves, and Eustachian tube communicating 
with the middle ear. There is also the remote possibility of production of 
arteriovenous fistula between the internal carotid artery and internal jugular 
vein. When one is seeking information concerning a possible meningioma 
which may have a double arterial blood supply; namely, one circulation from 
the internal carotid and one from the external carotid, it may be more desir- 
able to inject the common carotid artery. On the other hand, the advantages 
of the method here deseribed are use of a low-concentration contrast: me- 
dium, with reduced total amount of medium employed, the direct injection 
into the internal carotid artery, the ease and accuracy of multiple injections 
when the technique is successful, the possibility of use in short-necked pa- 
tients in whom lower percutaneous injection is difficult, especially where 
there sa low bifureation of the common carotid artery, and the other advan- 
tages shared with percutaneous methods in general. 


SUMMARY 


There is reported a new method of performing cerebral angiography by 
tan) tan) . . 
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direct percutaneous injection of the internal carotid artery at the base of the 
skull with the use of local anaesthesia. 
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INTRODUCTION 


HE SUCCESSFUL removal of a benign spinal cord tumor, which is in most 
instances cither a perineurial fibroblastoma or a meningioma, is a grati- 
fying procedure toa neurosurgeon, since it usually marks the conclusion 
of an otherwise debilitating condition. This is especially true of perineurial 
fibroblastomas (with the exception, of course, of multiple tumors in von 
Recklinghausen’s disease), inasmuch as recurrences of these tumors, when 
grossly removed, are extremely rare. However, the disconcerting fact that 
occasionally a spinal cord meningioma may recur has been known at least 
since the days when the first such tumor removed by Cushing’ in 1903 recurred 
about 2 years after the first operation. This knowledge, in itself, would 
perhaps be of less concern were it not for the fact that a svndrome of progres- 
sive spinal cord compression suggesting the recurrence of a cord tumor has, 
in recent years, been known to be produced also by another entity, adhesive 
arachnoiditis. For when such a clinical picture develops in a patient who has 
had a benign spinal cord tumor removed, with symptoms and findings point- 
ing to a lesion at about the same level, the differential diagnosis between 
recurrent tumor and postoperative arachnoiditis becomes a difficult problem. 
In most instances, such a differential diagnosis cannot be made, and the pa- 
tient is offered an exploratory reoperation. We have recently seen 4 patients 
who have undergone such a clinical course, followed by reoperation, and are 
presenting them in this paper, together with the complete report, including 
necropsy findings, on a 5th such patient obtained from Montefiore Hospital 
records, in order to draw attention to the problems of diagnosis and manage- 
ment involved thereby, and to demonstrate the clinical end results in such 
patients. 
CASE REPORTS 
Case 1. R.R. J.B. #279021. Seven-month history of back and leg pain, urinary symptoms 
and difficulty in walking leading to removal of low thoracic meningioma. Recovery. Well for 14 


years until leg weakness recurred followed by urinary incontinence. Reoperation. Recurrent me- 
ningioma removed with recovery. Well 1 year later. 

History. Vhis patient, at the age of 48, was first seen in 1930 by one of us (LL.M.D.) because 
of a 7-month progressive history of pain in the back and both legs, urinary urgency and fre- 
quency, and difficulty in walking. Examination at that time revealed a spastic paraparesis 
with bilateral pyramidal tract signs, more marked on the left. A sensory level with marked 
impairment of all modalities existed below T-10. On manometric studies, a block was found, 
(Myelography was not done.) A laminectomy at T-7, 8 and 9 revealed an encapsulated tumor 
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lying on the right side of the cord and it was completely removed. It proved to be a psam- 
momatous meningioma. A postoperative wound infection developed which necessitated a 
secondary closure a few weeks later. Within a few months a complete recovery ensued and 
the wound was well healed. 

She was well thereafter until 8 to 10 months prior to her 2nd hospital admission, 14 years 
later, in November, 1944. At that time she had begun to complain of weakness in her legs, 
more marked on the right side. This disability became progressively worse so that for 7 
months prior to admission she was unable to walk without support. During the month before 
coming into the hospital urinary incontinence developed. Four months prior to this admission 
she had undergone an operation for gall stones, and a few days before being admitted that 
wound had reopened and was draining. 

The remainder of the history was non-contributory. 

Evamination. No pertinent findings were noted at the general physical examination, but 
on neurological study at this 2nd admission she showed marked weakness and spasticity of 
hoth lower limbs, the right being more affected than the left. Bilateral positive Babinski 
signs were present. Deep tendon reflexes in the lower extremities were exaggerated. There 
were slight sensory changes with a level at T-6. 

Laboratory. The cerebrospinal fluid showed a strongly positive Pandy test and total pro- 
tein of 158 mg. per 100 ce, 

Course. A reexploration through the old laminectomy wound was done. A cord tumor was 
found at the same site as the original growth, and a sub-total removal was accomplished. 
Bits of tumor were left behind because of their attachment to the cord. Histologically this 
recurrent tumor again proved to be a psammomatous meningioma. Her postoperative course 
was uneventful. Seven weeks after the operation she was walking again, and less than a year 
later she was feeling well. 


Case 2. M.R. M.H.441778. Unsteadiness and stiffness of gait, ascending numbness in her 
lower extremities, and back pain for 23 years. Mid-thoracic laminectomy with total removal of 
meningioma, Recovery. Well for 12 years. Recurrence of original cord compressive symptoms. Re- 
operation, Arachnoidal adhesions. No tumor. Despite slight transient improvement, persistence 
ultimately of neurological defect. 

History. This was a 56-year-old white female, admitted to Montefiore Hospital in May, 
1946, who was well until 15 years before admission, when there gradually developed slowly 
progressive symptoms of unsteadiness and stiffness of gait, ascending numbness to her waist, 
and severe back and right flank pain which became excruciating whenever she coughed. In 
October, 1983, about 23 years after onset of symptoms, she underwent a mid-thoracic¢ lamin- 
ectomy at the hands of another surgeon, and a spinal cord meningioma was said to have 
heen removed from the 7th thoracic segment. No contrast medium was used for diagnosis 
at that time. Within a year after the operation she was completely recovered except for a 
slight residual right flank and subcostal pain. 

She remained well until a year prior to admission at which time she first hegan to notice 
stiffness, unsteadiness of gait, numbness in her feet and pain in her spine below the previous 
operative site. Her symptoms became steadily worse, and at 3 months prior to admission to 
Montefiore Hospital she was so incapacitated that she could do no more than take a few 
steps in her home. At this time she was again hospitalized elsewhere and a sensory level at 
the 8th thoracic segment with a spastic paraparesis and bilateral positive Babinski signs were 
found. Although lumbar puncture showed no block, pantopaque myelography revealed evi- 
dence of an obstruction to the opaque medium at the upper border of the 11th thoracic 
vertebra. A laminectomy was done and the site of the previous operation as well as the entire 
remainder of the lower thoracic segments was thoroughly explored. Dense arachnoidal ad- 
hesions at the site of the previous laminectomy were reported present without evidence of 
recurrence of tumor. Following this operation a course of roentgen-ray therapy was given to 
her spine. 


She has been unable to walk since the 2nd operation, even though there was, for a month 
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or two postoperatively, some decrease in the stiffness of her legs. During the month prior 
to our seeing her, however, this stiffness again became worse, and, in addition, constipation 
became a very troublesome and resistant complaint. Slight hesitancy of urination also de- 
veloped a few days before she was admitted to our hospital. 

The remainder of her history was non-contributory. 

Examination. Upon admission, she was unable to stand or walk, and there was present 
clasp-knife spasticity in both the lower extremities, severe impairment of motor power in all 
the joint muscle groups of both lower limbs, sustained ankle clonus, transient pate!lar clonus 
bilaterally, and positive bilateral Babinski signs. There was a sensory level to all modalities 
at T-8. 

Laboratory. Lumbar puncture showed a complete block. The spinal fluid protein below the 
block was 370 mg. per 100 ce., and there were 2 red blood cells and 12 lymphocytes per ec. mm. 
of fluid. After 1 ce. of pantopaque was placed in the cisterna magna, the upper limit of the 
block was demonstrated to be at T-7. 

Course. Despite 11 months of physiotherapy she has still not regained the use of her legs, 
and attempts at rehabilitation with crutches and braces have so far not been successful. 


Case 3. GL. M.H.441777. Back pain with bilateral sciatic radiation and stiffness in both 
lower extremities for 10 months. Low thoracic laminectomy and total removal of meningioma. 
Recovery and good health for 3 years. Recurrence of cord compression and subarachnoid block. 
Reoperation, Cystic adhesive arachnoiditis. No tumor found. Continued progression of symptoms 
postoperatively. 

History. This patient was a 63-year old female admitted to Montefiore Hospital in No- 
vember, 1946, who, 3 years before, developed low back pain radiating down both thighs, and 
stiffness with a sensation of “electricity” in both lower limbs. At that time, following mye- 
lography with lipiodol, which revealed an arrest of the opaque column at the upper border 
of the 11th thoracic vertebra, laminectomy was done at thoracic vertebrae 9, 10 and 11, and 
an encapsulated, intradural meningioma on the ventral and right side of the cord was re- 
ported to have been found and removed. The spinal cord was greatly narrowed for a distance 
of 1 em. No attempt was made to remove the remaining lipiodol. The patient made a com 
plete recovery. 

She remained well until the summer of 1946, 3 years later, when symptoms returned. She 
complained of weakness, fatigability, awkwardness of the right lower extremity and oc 
casional nocturnal “twisting” pains in the right leg. Neurological examination at that time 
revealed weakness and diminished reflexes in the right lower extremity with increased reflexes 
in the left lower extremity. Pantopaque instilled into the cisterna magna fell to and stopped 
at the inferior margin of the body of the 9th thoracic vertebra. A reexploration of the site of 
the former laminectomy was done. The neurosurgeon reported that no evidence of recur- 
rence of the cord tumor was found, but instead, there was present a dense arachnoid adherent 
to the spinal cord on both sides with a fluid cyst at the upper area of exposure. Only after 
puncturing the cyst was a free flow of spinal fluid obtained. 

Following this 2nd operative procedure, the patient’s condition grew rapidly worse so 

that walking became impossible unless she held onto furniture or other objects for support. 
Following a fall and injury to her ankle, she was forced to depend completely upon crutches. 
Back pain, which now radiated around the waist to the abdomen, reappeared and urinary 
urgency and frequency also developed. She was admitted to Montefiore Hospital 85 months 
after the 2nd operation. 
Examinalion. Our examination revealed marked weakness of both lower extremities, more 
on the right, with considerable atrophy of both calves. Deep tendon reflexes were hyperactive 
in both lower extremities. Babinski and its confirmatory tests were positive bilaterally; ankle 
clonus was present on both sides. On stimulation of the soles, occasional involuntary with- 
drawal movements occurred. There was a sensory level at the 8th thoracic segment to touch, 
pain and vibration with a band of hyperalgesia at L-1. Position sense was impaired in the 
toes. 
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Laboratory. Manometric studies of the spinal fluid revealed a complete block. The Pandy 
test was strongly positive and there was a total protein of 162 mg. per 100 ce. in the spinal 
fluid. There were 2 lymphocytes and 1 red blood cell per ce. in the fluid. Wassermann test on 
the fluid was negative and the gum mastic curve showed a high rise in all 8 zones. 

Course. The treatment of this patient during her 6 months of admission has been physio- 
therapeutic, consisting mostly of warm baths and walking exercises. Although slight improve- 
ment has been gained in that she is able now to manage a little with the use of canes rather 
than crutches, she is still confined to a wheel-chair for all practical purposes. 


Case 4. B.A. M.H./41749. Five-year history of radicular back pain and intermittent urinary 
retention, Upper lumbar laminectomy and removal of perineurial fibroblastoma. Slow recovery but 
finally good health for 8 years. Recurrence of back pain and urinary retention, Reoperation. Ad- 
hesive arachnoiditis. No tumor. Continued symptoms and no benefit despite extensive medical care. 
Virtually bedridden for 1 year. 

History. This was a 57-year-old female admitted to Montefiore Hospital in December, 
1946, who had had a laminectomy with reported removal of a perineurial fibroblastoma from 
the left side of the cord at the Ist lumbar vertebra 22 years earlier, This followed a 5-year 
history of radicular, lumbar pain, knife-like in character and intensity, and one or more 
episodes of urinary retention. Convalescence from this operation was very slow; she was kept 
in the hospital for 5 months after the operation and did not walk until 8 months later. 
Thereafter, she was well and worked for 8 years, at the end of which time her pain returned 
and became progressively worse. Following a lumbar puncture, the pain became so bad she 
could not walk. She suffered from severe constipation. Another episode of urinary retention 
occurred, Examination at that time, 14 years before admission, revealed the presence of 
anesthesia below her knees and over the posterior aspects of both thighs. Spinal fluid studies 
revealed a partial block, 95 cells perc. mm. and 250 mg. of protein per 100 cc. There was a 
mid-zone rise in the gold curve. She was reoperated upon elsewhere at this time, 8 years after 
her Ist operation; it was reported that no evidence of recurrent tumor was found, but arach 
noidal adhesions under thoracic laminae 9 and 10 were present. These were separated as much 
as possible. Nevertheless, postoperatively, severe pain sufficient to impair her walk nz con- 
tinued unabated. Several months later, following a nerve block in her back, she experienced 
considerable relief which lasted for about 4 years. During this time, she was ambulatory with 
the aid of a cane and was able to manage her household duties. 

During the 4 years prior to admission, she developed hypertension, associated with weak- 
ness, anorexia and weight loss. A lumbar puncture at this time reaggravated her old radicular 
pain, now affecting primarily her lower extremities. A series of hospital admissions, during 
which she received physiotherapy, failed to benefit her. The pain and weakness progressed 
and became almost constant so that in the year before admission she was virtually bedridden. 
Urinary urgency and occasional incontinence also developed during this period. 

Four weeks before admission, herpes zoster developed at the 5th thoracic segment on the 
right side. In addition, she complained of some “pins and needles” paresthesiae in her left 
hand and warm sensations in her palms. 

Examination. On admission, examination revealed a blood pressure of 160/85, enlarge- 
ment of the heart to the left anterior axillary line, and the presence of old herpetic scars 
underneath the right breast. Neurologically, she showed weakness throughout both lower 
extremities, greater on the left, with diminished left knee and ankle jerks. Babinski tests were 
negative bilaterally. There was a level to pain, temperature and vibration at about T-10, 
being perhaps slightly lower on the left side than the right. At T-5 on the right, the site of 
the herpes, there was a definite belt of hyperalgesia. Position sense was impaired in the toes. 
No defects were demonstrable in touch sensation. 

Laboratory. Urinalysis showed 2 plus albumin with pus and bacteria present. The hemo- 
globin on admission was 62 per cent (9 gm.). The red blood cell count was 3,200,000 per 
ce. mm. The white blood cell count was 4,700 per ec. mm. with a normal differential count. 

Course. Investigation of her spinal fluid and the spinal canal by lumbar puncture and 
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myelography was refused by the patient because of the aggravation of her pain which had 
followed these procedures in the past. She was maintained during her hospital stay on symp- 
tomatic treatments and was discharged unchanged a month after her admission. 


Case 5.* M.R. M.H.#16271-R. Weakness, paresthesiae and pain in both legs for 5 months, 
resulting in low thoracic laminectomy with total removal of meningioma. Recovery and good 
health until recurrent cord compression 10 years later with subarachnoid block. Reoperation dis- 
closing adhesive arachnoiditis. Persistence of neurological status postoperatively. Terminal gas 
gangrene infection in right leg 2 months postoperatively. Postmortem microscopic evidence of re- 
currence of tumor. 

History. In 1917, at the age of 41, following the development, during a 5-month period, 
of paresthesiae, lancinating pains, weakness and stiffness of both legs which made walking 
almost impossible, this white female patient underwent a laminectomy, and an ‘“endothe- 
lioma”’ showing calcareous degeneration with a small piece of adherent dura was removed from 
T-9 and 10 by Dr. C. A. Elsberg. She was admitted to Montefiore Hospital 13 months 
after operation because of the persistence of her preoperative complaints plus urinary and 
fecal incontinence. Within a few months, however, she improved, regained sphincter control, 
became ambulatory and finally became well and gainfully employed. Except for a fractured 
tibia in 1923, from which she recovered completely, she remained in good health for about 
10 years until 1927, when there developed lancinating pains below the hips, followed in a few 
months by weakness and numbness in both legs so that she became unable to walk, and 
urinary frequency. She was readmitted to Montefiore Hospital in September of 1928. 

Examination. At that time she showed fibrillations in both lower extremities, absent left 
knee jerk, bilateral ankle clonus, bilateral extensor Babinski response, weakness of all muscle 
groups in both limbs, very marked on the left, and impaired sensation to all modalities to 
some extent below T-10. The remainder of the examination was negative. 

Laboratory. Wer blood count showed a rather marked hypochromic anemia with a red blood 
cell count of 3,100,000 per c. mm. and a leukocytosis of 14,400. Urinalysis showed a trace of 
albumin and numerous clumped white cells. A spinal tap revealed on manometric studies the 
presence of a partial block. This was confirmed by a lipiodol myeclogram which showed the 
block to be at the level of the 11th thoracic vertebra. 

Course. She received a course of roentgen therapy to her spine and subsequently physio 
therapy to her lower limbs but failed to improve, and in March, 1929, 2 years after the recur- 
rence of her symptoms, laminectomy was done at the site of the previous operation. The 
operative note reports that the dura mater was exposed from T-10 to L-1, but it was found 
to be so densely adherent to the cord that the subarachnoid space was obliterated. It was 
impossible to separate the dura from the cord. No tumor was detected and the wound was 
closed. 

Postoperatively, her symptoms failed to improve and she remained a wheel-chair patient 
until there developed what proved to be her terminal illness, namely, a resistant infection in 
her right leg which ultimately developed into gas gangrene from which she succumbed 2 
months after her operation. 

Necropsy Findings. The gross and microscopic descriptions of the brain proved it to be 
within normal limits. 

The spinal cord, when removed at autopsy, was markedly adherent to the vertebrae, 
especially posteriorly. When it was removed, some small bits of whitish tissue remained at- 
tached to the bone. When sectioned, the dura was found to be thickened throughout the 
entire course of the spinal cord, especially in the lumbar and sacral regions. Nowhere was 
gross evidence of tumor seen. 

The fibres of the cauda equina had a markedly tortuous appearance and were adherent to 

* This case was reported in brief by Doctors Moses Keschner and Charles Davison in the Archives 


of Neurology and Psychiatry, September 1933, 30: 592 606 (Case 13), and it is through their courtesy 
that we are including here the full report on this patient. 











156 LEO M. DAVIDOFF, HARVEY GASS AND JACOB GROSSMAN 


the bony frame-work of the vertebral column. When the cord was cut, translucency of the 
columns of Goll was observed in the mid- and lower thoracic regions. Grossly no tumor was 
seen on sectioning. 

Microscopically, sections through the dura at the lumbar and sacral levels of the cord 
(Fig. 1) showed it to be extensively thickened, the outer wall consisting of dense connective 
tissue with very few nuclei in it. The inner wall was made up of looser connective tissue con 
taining within it numerous blood vessels and psammoma bodies. The inner surface of the dura 
was Completely studded with these calcified whorls. Between the outer and inner layers were 
found conglomerations of fibroblasts occasionally arranged concentrically. The picture was 
that of a markedly extensive scar containing meningioma tissue (Figs. 1 and 2). 





Kia. 1. Case 5. Thickened and searred dura at lumbar level of cord containing meningiomatous 


tissue. S, sear; T, tumor. 


Section of the cord at T-10 stained with the Weil method showed an intensive demyelina- 
tion of the posterior columns with a slight paling of the lateral pyramidal tracts, more marked 
on the right. With higher power, the posterior columns showed complete demyelination of 
the columns of Goll and Burdach with very little of the columns of Burdach left on the outer 
portions. The left pyramidal tract showed a certain amount of destruction of the myelin 
sheaths and in places swelling of the same. The contrast between the left and the right py- 
ramidal tracts was very apparent. The vessels showed moderate arteriosclerotic changes. 

Sections at T-8 were similar to those at T-10 except that the changes were slightly less 
marked and there was a greater amount of sparing of the columns of Goll. In sections at ‘T-8 
the demyelination was of an ascending type only, involving the columns of Goll and sparing 
those of Burdach (Fig. 3). 

With the Mallory stain there was evident glial proliferation within the posterior columns 
which was more dense than the rest of the glial tissue seen throughout the cord. The gliosis 
had a fairly uniform appearance. 

With the cresyl-violet method, the anterior horn cells were seen to be fairly well preserved. 
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COMMENT 
These 5 cases have in common a uniform sequence of clinical events 
which establishes by this unity a distinct clinical entity. Each of these pa- 
tients had had a benign spinal cord tumor successfully removed with com- 
plete recovery resulting, and each, after a prolonged period of good health, 
suffered a repetition of the cord compression at the site of the original lesion. 
The nature of the recurrent lesion was either recurrent tumor or adhesive 





Fic. 2. Case 5. Enlargement of tumor tissue showing typical psammomatous meningioma. 
Hematoxylin-cosin stain, X 100. 


arachnoiditis or both. Preoperatively this differential diagnosis could not be 
made in any of these cases. Analysis of them has failed to isolate significant 
clinical features which might have helped in this regard. The date of onset of 
the recurrent symptoms varied from 3 to 14 years after the removal of the 
tumor at the first operation. Although the longest interval, 14 years, hap- 
pened to be in the recurrent meningioma case, this is of no significance in the 
light of the 12-year period that the patient in Case 2 remained symptom free 
before her adhesive arachnoiditis made itself known. Moreover, in Cushing's 
3 tumor recurrences, the intervals were much shorter than in our case of re- 
currence, being 2 years in 2 of these cases and 9 years in the third. 











458 LEO M. DAVIDOFF, HARVEY GASS AND JACOB GROSSMAN 


Elsberg,® in reference to spinal cord meningiomas, has stated, and it has 
been repeated by Craig? and others, that if the meningioma is removed in its 
entirety and no remnants of its capsule are left, a recurrence does not tend to 
develop. Be that as it may, even after the operator feels relatively certain 
that a total removal has been accomplished, occasionally he is surprised to 
learn that such a recurrence has developed. Whether or not this is due to un- 
noticed or microscopic remnants of tumor or capsule having been left behind, 
in actual surgical practice, one cannot always be certain that a recurrence 
will not take place. This is borne out in Case 1 where, at the first operation, 





Fig. 3. Case 5. Transverse section of the cord at T-3 showing ascending degeneration of columns of 
Goll. Myelin sheath stain. 


it was felt that all of the tumor and its capsule had been removed. despite 
which a recurrence appeared, leading to reoperation 14 years later. Cushing? 
learned from his first spinal meningioma, which recurred, that a total re- 
moval including the adherent dura must be accomplished; yet, despite this, 
in his series of 18 verified spinal cord meningiomas, another 2 patients had 
recurrences which necessitated removal at subsequent operations. 

Likewise, the predictability of the development of postoperative arach- 
noiditis in a given patient is uncertain. 

Barré and Metzger,' Mackay" and others have focused attention on cer- 
tain aspects of the symptomatology in adhesive arachnoiditis, especially the 
patchy diffuseness of the pains and paresthesiae, as significant differential 
characteristics, absent, as a rule, with spinal cord tumors. Their patients, 
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however, did not develop their arachnoiditis following laminectomy as 
did ours, which accounts, perhaps, for the absence of this patchiness in our 
group. The localizing nature of the signs and symptoms of postoperative 
adhesive arachnoiditis, as seen in our patients, in contrast to the diffuseness 
of the findings usually seen in primary or post-infectious arachnoiditis is, in 
fact, a distinguishing feature in the differential diagnosis between these types 
of arachnoiditis. It is this localized character of the clinical picture in our 
postoperative arachnoiditis patients, however, that has been largely respon- 
sible for making this condition so difficult to distinguish from the picture seen 
in Case 1, that of recurrent tumor. Stookey,'! Young” and others, have 
pointed out this tendency of arachnoiditis, even from other causes, to simu- 
late spinal cord tumor. Kortzeborn,’ in commenting on the difficulties in this 
differential diagnosis, quotes Sachs and Glaser who found in 140 laminecto- 
mies for spinal cord tumors 9 cases In which arachnoiditis only was present. 

As far back as 20 years ago, the candle droplet picture on myelographic 
examination, in which a diffuse patchy arrest of oil is found over a wide area 
of subarachnoid space, had been considered characteristic of arachnoiditis. 
Here, as with the symptomatology, a localized candle droplet picture, as 
opposed to a widespread patchy distribution of the oil serves to differentiate 
postoperative arachnoiditis from its more generalized forms. Christensen® 
pointed out that the clinical differential diagnosis between a localized chronic 
arachnoiditis and an extramedullary tumor can often be made only by the 
the presence or absence of this candle droplet myelographic appearance. 
Spurling and Mayfield'® were more enthusiastic about this technique, main- 
taining that a widespread picture of this sort indicated diffuse inflammatory 
adhesions which offered a poor surgical prognosis, and its use thus often 
spared a patient an unprofitable operation. In these postoperative cases of 
cord compression, however, myelography is of less value in differentiating 
between arachnoiditis and recurrent tumor, for even though a diagnosis of 
arachnoiditis can thus be made, it will neither rule out the presence of a 
superimposed recurrent tumor nor of discrete localized adhesions with or 
without cystic formation, the lysis of which may relieve the compression. 

It has been pointed out repeatedly that a spinal cord meningioma is often 
associated with varying degrees of arachnoiditis, and that the neurosurgeon 
who, after opening the dura, encounters arachnoidal adhesions and no obvious 
tumor, should search exhaustively for an associated meningioma which may 
elude him among the adhesive bands at that or at neighboring levels. This 
relationship may, as Learmonth! asserted, be based upon the hyperplasia 
which arachnoidal cells may tend to undergo physiologically with age in cer- 
tain locations, such as at the angles at the points of reflection of the arach- 
noid upon the nerve roots or under the influence of certain stimuli such as 
infection or foreign body. Such thickenings may become the starting points 
of tumor formation. 

The incrimination of the opaque contrast media used in myelography as 
irritants to the arachnoid initiating this hyperplastic chain of events has 
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often been made. It certainly can play no part, however, in the initial recur- 
rence in Cases 1, 2, 4 and 5 where no contrast media were used before the first 
operation. In Case 3 the lipiodol used before the original operation was not 
removed, and one can only speculate as to whether or not its presence con- 
tributed to the adhesive arachnoiditis found at the reoperation. According to 
Marcovich, Jessico and Walker,’ after the use of iodized oil, if the dura 
mater is not opened, any resultant arachnoiditis is mild and the adhesions 
fine; but, if it is opened at operation, the iodized oil commonly becomes rap- 
idly encysted by proliferation of the arachnoid membrane. This process may 
have played a part in the pathogenesis of Case 3 where a fluid cyst was found 
and punctured, and a free flow of spinal fluid released. 

In those cases in which the findings at reoperation were arachnoiditis only 
(Cases 2, 3, 4 and 5), the entire pathogenetic process is not clear. The immedi- 
ate end result of cord dysfunction is undoubtedly the result of interference 
with the blood supply to it. Keschner and Davison*® have pointed out that 
expanding lesions compressing the cord produce interference with the circu- 
lation to it, leading to myelopathy. In a similar manner progressive thicken- 
ing and constriction of the enveloping membranes of the cord, as occurred in 
these cases of arachnoiditis, in all likelihood produced their damage by con- 
stricting first its vascular supply. The point of uncertainty, however, is the 
ultimate etiology of the arachnoiditis. Is it simply a process set up traumat- 
ically at the original operation which continues to be active thereafter 
indefinitely? If so, it is difficult to reconcile the wide variation of intervals 
between the original operations and the onset of recurrent symptoms in 
these cases (12, 3, 8 and 10 years) with that concept. Moreover, it is no eas- 
ier to understand why the offending factors- trauma, hemorrhage, edema 
initiating the arachnoiditis should continue to be active for anything more 
than a few weeks. Nor does it seem reasonable that the arachnoiditis, once 
developed, is self-propagating. In operative injuries to the meninges in lam- 
inectomies for other reasons, and even for most tumors, such progressive 
constrictive arachnoiditis does not develop. 

Some light is thrown on the reason for this delayed production of con- 
strictive symptoms in these arachnoiditis cases by the necropsy findings in 
Case 5. It should be emphasized that the prosector in his gross examination 
of the cord and dura failed to find any evidence of recurrent tumor forma- 
tion, and that it was only on microscopic examination that the presence of 
meningiomatous tissue imbedded in the dense scarred dura was disclosed. 
Unfortunately, the entire length of the thickened dura was not microscop- 
ically examined. Had it been, there might have been found numerous such 
meningiomatous formations enmeshed in the dura. 

The association of arachnoiditis with tumor is not an uncommon one. 
Whether the tumor is primary or secondary to the arachnoiditis is specula- 
tive. Suffice it to say that if we assume in Case 5 that the recurrent menin- 
giomatous tissue was primary, then an explanation is found for the delayed 
development of arachnoidal constriction in this case. It is quite possible 
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that with the redevelopment of tumor formation, the neighboring dura was 
stimulated to hypertrophy and to the production of vascular, root and cord 
compression. Moreover, such a process may well be active in Cases 2,3 and 
4 despite the fact that the surgeons saw only dense dura at reoperation. No 
biopsies were taken. Even though the original lesion in Case 4 was described 
as a perineurial fibroblastoma, a lesion which rarely recurs, there is no reason 
that the recurrent tumor tissue stimulating the dural growth could not be 
meningiomatous. Learmonth’s concept of the hyperplasia of arachnoidal 
cells being primary and tumor formation being secondary to this is not’ nec- 
essarily contradicted by the above concepts inasmuch as once tumor forma- 
tion is underway as a secondary process, it, in turn, may react upon the 
meninges, stimulating it even more to hypertrophy. 

It is quite possible, then, that the recurrent cord compression in these 
cases of arachnoiditis is a result ultimately of a primary process of recurrent 
meningiomatous tumor formation. Some credence is given to this belief by 
the fact that in 5 cases which portray the clinical syndrome of recurrent 
compression after a long period of good health, recurrent meningioma forma- 
tion has been proven in 2 of these. A final statement on the remaining 3 pa- 
tients, who are still living, cannot be made. 

In any case, the presence of meningiomatous tissue in Case 5 at necropsy 
should serve as further emphasis to the surgeon that at reoperation every 
effort should be made to explore as exhaustively as possible the areas of 
thickened dura and arachnoiditis for evidence of recurrent tumor. 

Hyndman and Gerber’ have recently reported 2 cases of acquired spinal 
extradural cysts, each developing as a result of a dural fistula many months 
after the removal of a benign spinal cord tumor. The development of these 
cysts was associated with reappearance of a cord compression syndrome in 
“ach of these patients. Removal of the cyst and closure of the fistulous open- 
ing was followed by improvement in each instance, although a second 
recurrence of cord compression developed 4 months later in one of these 
cases. Here, then, is still another unpredictable mechanism which may pro- 
duce a delayed postoperative syndrome of cord compression. Surgical attack 
on such cysts is worth while. 

In our 5 patients, reoperation in one (Case 1) led to the removal of a re- 
current meningioma with complete relief of symptoms 1 year later, in an- 
other (Case 2), to only temporary slight improvement with subsequent re- 
lapse; in the remaining 3 cases, reoperation produced no improvement attrib- 
utable to it, and continued progression of the cord compression ultimately 
developed. Although coincidentally, only the first patient with recurrent tu- 
mor was operated upon by one of us— both for the original tumor and for the 
recurrent one, and all 4 others were operated on elsewhere or by others, in 
‘ach instance the surgeons were competent and their statements that at the 
first operation the tumor was removed grossly in toto, and at the second oper- 
ation no tumor was found, but only localized adhesive arachnoiditis, is 
completely reliable. 
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Three of the patients who showed no improvement as a result of reop- 
eration (Cases 2, 3 and 4) were invalided by symptoms of pain, stiffness or 
weakness of both lower extremities, making walking and self-sufficiency im- 
possible when presented to us, 8 months to 14 years later. This was also true 
of Case 5, whom we did not see clinically, following the reoperation. Each had 
a paraparesis with a sensory level, and each had some urinary urgency, fre- 
queney or incontinence. Constipation was a troublesome complaint in 2. A 
complete block at a level comparable to the previous operations was demon- 
strated by manometrics or myelography in 2 of these patients (Cases 2 and 
3), and may well have existed in the other 2, although not proven. 

Inasmuch as there was no evidence to suspect the presence of multiple 
lesions at any other level than that at which the operations were done, and 
being reluctant to expose the meninges to still further operative trauma in 
search of overlooked tumor formation, a third operation was not recom- 
mended in any of the cases seen by us. A search of the literature revealed 
only one case of arachnoiditis which was successfully operated on twice. 
Chlenoff and Vodoguinskaya? reported a patient with adhesive evstic arach- 
noiditis at T 3 to 5 occurring a few months after a febrile illness. Laminee- 
tomy 2 vears later, accomplished only slight immediate improvement. Ulti- 
mate progression in his lower extremities of weakness, stiffness, sensory 
changes and pain led to a reoperation at which the same findings were en- 
countered. Cutting of the adhesions at this operation, the authors claimed, 
was followed by rapid major improvement. 

We have been forced in the management of these patients to depend 
upon symptomatic treatment and physiotherapy, neither of which has been 
satisfying. 

Roentgen-ray therapy had previously been given to one patient (and also 
to Case 5) with little, if any, relief of symptoms. In considering the use of it 
in those patients who had had none, the decision was to withhold it, inas- 
much as the occasional encouraging results reported from its use in arach- 
noiditis in the literature were seen primarily in those patients whose svmp- 
toms were not of long standing; and because of the lack of benefit obtained 
by those of our patients who had been so treated. 

Similarly, the duration of the symptoms plus the toughness of the ad- 
hesions argued against attempting pneumorachiolysis, the injection of air 
under pressure in the spinal canal, a procedure occasionally recommended in 
the hope of breaking up adhesions. 

All our clinical patients (Cases 1, 2,8 and 4) are still living but only the 
patient with recurrent tumor is well. Judging from the pathological findings 
in Case 5, we can expect little improvement in these other 3 patients. The 
destructive changes in the cord as seen in Case 5, are irreversible. The blood 
supply to portions of the cord had been irreparably impaired. There is 
little reason to suspect that any other but a similar situation exists in the 
cords of our patients. The prognosis for their improvement, therefore, is 
poor. 
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Thus, of 5 patients who redeveloped cord compressive symptoms after 
removal of a benign spinal cord tumor, in only 1 was reoperation worth 
while. Adequate statistics are not available in any series large enough to 
compare definitely the rate of recurrence of tumor with the postoperative 
development of spinal adhesive arachnoiditis (or acquired extradural cyst). 
Although reoperation in the other 4 was followed in some instances by con- 
tinued progression of constrictive symptoms, there is no reason to believe 
that the reoperation was responsible for this continued progression. What- 
ever the factors were that produced the process of adhesive compression, 
such influences were no doubt continuously active following the reoperation 
as they were before. It is unlikely that this process would have spontane- 
ously ceased had the reoperation not been done. Consequently, the possibil- 
itv of finding an operable recurrent tumor, extradural cyst or surgically 
corrigible adhesions justifies one surgical reexploration despite the fact that 
probably in most cases the compressive syndrome will continue to progress. 

SUMMARY 

1. Five cases are presented in each of which a cord compression syndrome 
redeveloped following a prolonged period of good health after the removal of 
a benign spinal cord tumor and which was in each instance reoperated upon. 
At reoperation a recurrent meningioma was found in 1; adhesive arachnoidi- 
tis in the other 4. Necropsy findings on one of the latter patients revealed 
the presence of recurrent meningiomatous tissue within the connective tissue 
forming the arachnoiditis. 

2. The futility of attempting to make a differential diagnosis between 
recurrent tumor and postoperative adhesive arachnoiditis is pointed out. 

3. The role of recurrent meningioma in the development of postoperative 
spinal adhesive arachnoiditis and cord compression is discussed, and the 
possibility that such recurrent tumor tissue may be the underlying cause of 
delayed dural hypertrophy in all such cases of recurrent cord compression is 
suggested. 

4. The clinical end results of patients with postoperative spinal adhesive 
arachnoiditis are presented. 

5. The ineffectiveness of present modes of therapy for postoperative ad- 
hesive arachnoiditis is pointed out. 

6. Justification for reoperation in such patients who develop recurrent 
cord compressive symptoms is offered. 

CONCLUSIONS 

1. Once cord compressive symptoms have redeveloped following the re- 
moval of a benign spinal cord tumor, the prognosis for cure or improvement 
is usually poor. 

2. Despite this, because of the occasional dramatic results obtained by 
reoperation, especially when recurrent tumor is found, one is obligated to 
offer the patient one reexploration, at which time, even if arachnoiditis is 
found, an exhaustively thorough search for recurrent tumor should be made. 
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FIBRIN FILM IN: NEUROSURGERY, FURTHER STUDIES 


THE INSERTION OF FIBRIN FILM BETWEEN THE SUTURED DURA 
AND THE INTACT LEPTOMENINGES; THE EFFECT OF ROENTGEN 
THERAPY ON TISSUE REACTIONS TO FIBRIN FILM* 


ORVILLE T. BAILEY, M.D., FRANC D. INGRAHAM, M.D., EDWARD 
B. D. NEUHAUSER, M.D., anp CULLY A. COBB, JR., M.D. 
Neurosurgical and Roentgenological Services, Children’s Hospital, Surgical Service, 
Peter Bent Brigham Hospital, and Departments of Pathology, Surgery and 
Radiology, Harvard Medical School, Boston, Massachusetts 


(Received for publication May 6, 1947) 
I. THE USE OF FIBRIN FILM IN CRANIOTOMIES 

N PREVIOUS experimental and clinical studies,’ it has been shown that 

fibrin film is a valuable dural substitute and is effective in the prevention 

of meningocerebral adhesions. Additional experiments have been car- 
ried out to determine whether there was any advantage in using fibrin film in 
craniotomies in which no dural defect is left. It also seemed desirable to study 
experimentally the effect of roentgen therapy on wounds in which fibrin film 
had been implanted, since the material has found a considerable place in the 
surgery of central nervous system tumors. 

The selection of cases in which fibrin film should be used depends upon 
the expected probability of sear and adhesion formation. In operations where 
the brain and dura are traumatized or sections of dura are removed, it is 
desirable to close the dural defect with fibrin film. To test whether this 
material should be used following intracranial operations in which the dura 
is completely closed after little manipulation of the brain and leptomeninges, 
we have performed temporoparietal craniotomies in monkeys with and with- 
out insertion of fibrin film under the sutured dura. 

It is generally thought that trauma to the leptomeninges is required for 
the formation of adherent meningocerebral scars.°* In the course of our stud- 
ies with fibrin film we have made several observations suggesting that in 
monkeys no detectable injury is required. In our earlier experiments designed 
to show the effect of fibrin film in preventing meningocerebral adhesions,'” 
circular sections of the dura were removed and replaced with fibrin film. 
Adhesions did not form after implantation of fibrin film, whether or not the 
leptomeninges had been injured. In 3 control animals the fibrin film was 
omitted. Two of these developed firm adhesions between the brain and the 
temporal muscle even though the leptomeninges had not been visibly dam- 


* This work has been carried out under contract recommended by the Committee on Medical Re 
search between the Office of Scientific Research and Development and Harvard University. 
This paper is No. 67 in the “Studies on Plasma Proteins’ of the Harvard Medical School, Boston, 


on products developed by the Department of Physical Chemistry from blood collected by the American 
Red Cross. 
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aged. Further evidence that adhesions may form without apparent injury to 
the leptomeninges came from 2 of the animals in which fibrin film had been 
implanted. In each case the dise of fibrin film had slipped, leaving approxi- 
mately one half of the dural defect uncovered. In both of these animals, ad- 
hesions formed in the area not covered by fibrin film even though trauma to 
the leptomeninges had been carefully avoided, but the portion in which the 
fibrin film remained in place was entirely free from adhesions. 

Experiments. In 4 monkeys (Macaca mulatta) bilateral temporoparietal bone flaps were 
made. With the animal under nembutal anesthesia the scalp was prepared and a longitudinal 





Fic. 1. Craniotomy. The bone flap has been raised, exposing the dura. 


midline incision was made extending from the brow to the external occipital protuberance. 
The sealp was mobilized and reflected downward, first on the left. A trapezoidal bone flap 
was made with four burr holes, its upper edge parallel with the longitudinal sinus (Fig. 1). 
The dura was then opened for a distance of about 6 em. A rectangle of fibrin film was placed 
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Fic. 2. Brain and dura separated after fixation. A faint discoloration of the dura near the suture 
line was caused by the fibrin film. 
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é 
under the edges of the dura after which closure was carried out with interrupted silk sutures. 
The bone flap was ligated in place and the temporal muscle and fascia were closed. An 
identical operation on the opposite side was performed without the insertion of fibrin film. The 
scalp was then closed with subcuticular sutures. Two of the 4 animals were sacrificed after 
3 months and 2 were sacrificed 6 months following operation. The hemispheres of the brain 
were fixed intact within the skull. 


Results. In no case had adhesions formed on the side where fibrin film 
had been inserted. A faint brownish color on the inner surface of the dura 
marked the site of the fibrin film (Fig. 2). On the opposite side, however, 
adhesions were present in all of the animals. A row of small firm adhesions 
underlay the interrupted sutures. When the brain was separated from the 





Fic. 3. (a) Closure with fibrin film. Cross section of the dura shows a silk suture covered by a thin 
neomembrane. (b) Closure without fibrin film. Cross section of the dura shows a mass of inflammatory 
tissue. This was adherent to the brain. 


dura small fragments of the cortex were pulled out by several of the adhe- 
sions. Microscopic sections from one of the animals sacrificed after 6 months 
are shown in Fig. 3. Where fibrin film was used (Fig. 2a) the characteristic 
membrane! produced by this material is seen to underlie the sectioned silk 
suture. On the opposite side (Fig. 8b) the suture is surrounded by a larger 
mass of inflammatory tissue which was adherent to the brain. 

These experiments show that in the morey small but firm adhesions 
may form between the brain and the dura where silk sutures used to close 
the dura lie in contact with leptomeninges. This is in agreement with the 
findings of Lear and Harvey." When fibrin film is placed under the sutured 
dura the adhesions do not form. 
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Il. THE EFFECT OF ROENTGEN THERAPY ON TISSUE 
REACTIONS TO FIBRIN FILM 

It is often desirable to use fibrin film in patients who may later require 
roentgen therapy. The possibility that roentgen rays may change the fibrin 
film itself or the reaction of tissues to it made it desirable to study the effect 
of roentgen rays on the tissue reaction to this material. 

Physical Studies. Fibrin film is an insoluble protein which has been de- 
natured by heat. This treatment is required to prevent quick absorption of 
the material*® and serves as a convenient means of sterilization. The degree 


CHART I 


PHYSICAL TESTS OF FIBRIN FILM EXPOSED TO ROENTGEN RAYS 
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of heating can be varied within moderate limits without affecting the tissue 
reactions to the fibrin film. The effect of roentgen rays on proteins in general 
is to cause denaturation and flocculation.! Chemical changes in certain amino 
acids have been observed but changes in previously denatured proteins have 
not been recognized. These substances are thought to be unaffected by 
moderate exposure to roentgen rays. To confirm this impression for the spe- 
cial case of fibrin film, a strip of sterilized fibrin film was moistened with sa- 
line and was then exposed to the contact roentgen therapy apparatus which 
provides for maximum absorption in the first few mm. The time of exposure 
was 10 minutes; the apparatus was operated at 50 kV. and 2 mA. with an 
aluminum filter of 1.0 mm., target distance of 21 mm. and a 3 em. portal of 
entry. The half-va'ue layer of this radiation was 0.88 aluminum. The total 
roentgen dosage was 8,000 r (measured in air). The quantity absorbed by the 
fibrin film should exceed by a factor of at least 10 the amount absorbed when 
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deep roentgen therapy is given to patients with implanted fibrin film. This 
fibrin film was then submitted to the tests which have been used to standard- 
ize this material.2 Chart I shows the results of these tests compared with 
those for a standard sample of fibrin film.* The difference between the two 
sets of figures are all within the range of experimental error and the roentgen 
rays could not be said to have changed the physical characteristics of the 
film. Since in heat modification of fibrin film, changes detectable by these 
tests appear before any change in the tissue response to fibrin film,’ it can be 
assumed that a very wide margin of safety exists in roentgen therapy as far 
as the effect on the fibrin film is concerned. 

Living tissues, in contrast to such materials as denatured proteins, are 





























CHART IL 
ROENTGEN THERAPY FOLLOWED BY SECONDARY EXPLORATION OR AUTOPSY 
OPERATION 
CASE AGE AT DIAGNOSIS (FIBRIN FILM ROENTGEN THERAPY FOLLOW-UP 
OPERATION IMPLANTED) QUANTITY DATE DATE FINDINGS 
(AUTOPSY) TWO 
MEDULLOBLASTOMA NOV. 2, FEB 7, | SMALL FRAGMENTS 
JOD 3 YRS OF CEREBELLUM 1944 1900R NOV 1944 1945 OF FIBRIN FILM 
NO ADHESIONS 
(RE-EXPLORATION) 
NEUROBLASTOMA AUG.21, NOV 26, | FIBRIN FILM IN- 
NF 1 OYRS OF CEREBELLUM 1945 3500R SEPT.1945 1945 TACT NO AD- 
HESIONS 
HEMANGIOMA JAN. 18, APR. 3, |(RE-EXPLORATION) 
Sw ' t' YRS OF CEREBELLUM 1946 3600R FEB. 1946 1946 NO ADHESIONS 
EPENDYMOMA OF SEPT 14, APR. 30, |(AUTOPSY) 
PB 16 YRS RIGHT CEREBRUM 1945 5400R FEB. 1946 1946 NO ADHESIONS 
ASTROBLASTOMA OF JAN. 24, SEPT.18, |(RE-EXPLORATION) 
RH 5 8 YRS RIGHT CEREBRUM 1944 3000R JAN. 1944 1944 NO ADHESIONS 


























highly sensitive to the effects of roentgen rays. The principal changes are 
those leading to cellular death and carcinogenesis, both thought to result 
from chromosome damage.’ Such functions as respiration, glycolysis, nitro- 
gen and enzyme activity are not affected by even large doses of radiation. 
Chromosomes are especially sensitive because of their exact molecular struc- 
ture where the shift of a single bond may greatly alter the genetic behavior 
of the cell. The inflammation commonly seen during roentgen therapy is 
‘aused by the reaction of the tissues to the presence of cells destroyed by 
roentgen rays. From this discussion it would appear that on theoretical 
grounds no specific change in the tissue reaction to materials like fibrin film 
could be expected with roentgen therapy. On the other hand, the presence of 
low-grade inflammation in the surrounding tissue might in some way alter 
the tissue response. 


* We are indebted to Dr. John M. Newell of the Antitoxin and Vaccine Laboratory of the Massa- 
chusetts Department of Public Health for conducting these tests. 
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Experiments. Three experiments were performed, each with 2 monkeys (Macaca mulatta). 
Fibrin film was inserted through a subtemporal decompression in the first pair of animals 
after which roentgen therapy was given without operation. Fibrin film was implanted in the 
third pair but roentgen therapy was omitted. The operations and histological preparations 
were done by the technique previously described.‘ Roentgen treatment was begun 10 days 
after the operations and a total of 3,000 r units was given to each of the treated animals 
through 2 portals sufficiently long to cover the operative field. For each treatment the K.B. 
was 200, M.A. 10, Filter 1.0 aluminum +0.5 mm. Cu, target distance 50 em., H.V.L. 1.05 mm. 
Cu, and the period of exposure 11 minutes. One animal of each pair was sacrificed 2 weeks 
after the completion of roentgen therapy and the second after an interval of 2 months. In the 
animals that did not receive roentgen therapy the same time schedule was followed. 


Results. Symptoms of roentgen ray sickness were not detected in any of 
the animals. The gross and microscopic appearance of the brains, meninges 
and fibrin film did not differ from that previously described*? in normal 
animals. 






































CHART II 
TECHNICAL DATA ON ROENTGEN THERAPY 
J.D N.F. S.W. R.B. R.H 
NUMBER OF PORTALS 4 3 2 3 2 
NUMBER OF TREATMENTS Ee: 18 16 26 12 
FREQUENCY OF TREATMENTS DAILY DAILY DAILY DAILY DAILY 
SINGLE DOSE (R IN AIR ) 200 to 300 100 to 200 150 To 300 200 250 
TOTAL DOSE (RIN AIR) 3200 3500 3600 $400 3000 
KILOVOLTACE 200 200 200 200 200 
TARGET - TO ~ SKIN 50 50 50 50 50 
DISTANCE (Cm) 
MIL! ‘AMPERAGE 10 10 18 18 18 ; 
FUTeR (ma) OSCutiOA | OFSCu+IOA | OFS CusiOA | OSFSCU4IOM | OF CU4FIOM 
PORTAL SIZE (Cm®) 80 96 79 177 793 
HALF VALUE LAYER 1.05 1.05 0.95 0.95 0.95 
Mu OF COPPER 




















Clinical Studies. Nineteen patients have received roentgen therapy fol- 
lowing operations at which fibrin film was used. In none of these were 
clinical changes produced by the material. Five of the operative wounds 
were inspected after roentgen therapy, 8 at secondary operations and 2 
at autopsy (Chart IT). No change in the appearance of the fibrin film and its 
tissue response had been produced by the roentgen therapy. Chart II] 
shows the technical data for the roentgen therapy in these cases. 
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SUMMARY 


1. Further studies of the behavior of fibrin film when used to cover the 
brain and leptomeninges are presented. In uncomplicated craniotomies per- 
formed on monkeys (Macaca mulatta) meningocerebral adhesions form under 
the sutures used to close the dura. Fibrin film prevents this complication. 

2. Roentgen therapy in the doses used for treatment has no detectable 
effect on fibrin film or the reaction of the meninges to this material. 
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CASE REPORTS 


A DERMOID TUMOR OF THE LATERAL VENTRICLE ASSOCIATED 
WITH INTERNAL HYDROCEPHALUS 


Howarp A. Brown, M.D. 
Department of Surgery, University of California Medical School, 
San Francisco, California 


(Received for publication April 7, 1947) 


Epidermoid and dermoid tumors involving the skull and intracranial spaces are relatively 
rare, constituting 0.3 to 6 per cent of all cerebral tumors in various reported series. 

These tumors often occur beneath the pons and midbrain and extend up to the cerebel- 
lopontile angle, causing an internal hydrocephalus, but may be found anywhere on the base 
of the brain from the anterior perforated substance to the foramen magnum. They may in- 
volve the cerebral hemispheres or lie within the ventricles, although reports of the latter 
have been meager. 

They appear to arise from embryonic rests, resulting from inclusions of surface ectoderm 
within the central nervous system during embryological development. The epidermoid variety 
arise from the outer ectodermal layer, producing the so-called pearly tumors, while the der- 
moids have, in addition, mesodermal corium with its connective tissue, fat cells, sebaceous 
glands, and hair follicles. The presence of hair in the tumor may be considered as pathog- 
nomonic of a dermoid or teratoid type of growth. 

Various reports of these tumors with detailed descriptions of their etiology, location, 
symptoms, appearance, pathology, and treatment have appeared in past years.'?.4 It is not 
within the scope of this paper to repeat these details, but to report a dermoid tumor produc- 
ing an unusual picture which we had not previously encountered or noted in earlier reports. 


CASE REPORT 


The patient was a young man, 24 years of age, who was first seen Dec. 12, 1941, when he 
complained of intermittent, mild headaches of 8 to 10 years’ duration. During the past 2 
years the headaches had become much more frequent and severe, and were chiefly occipital 
in location. They persisted from 2 to 3 hours up to 2 to 3 weeks, but were associated with 
vomiting on only one occasion. He had no other subjective symptomatology but his father 
commented on an impairment of memory, irritability, and an awkwardness in handling ob- 
jects in either hand which had been apparent for 2 years. His past history revealed no im- 
portant points relative to his present problem. 

Vxamination. He was a well set-up young man who showed some obvious mental deficit 
and was rather apathetic. His general physical examination was essentially negative. Blood 
pressure: systolic 182, diastolic 78. 

Neurological examination: Head, negative. Both optic nerve heads showed moderate 
papilloedema without hemorrhages or exudate. Visual acuity and fields were within normal 
limits. Other cranial nerves were normal. Power, sensation, reflexes, and coordination tests 
showed no abnormalities. 

Blood count and urinalysis were normal. 

X-rays of the skull showed some decalcification of the dorsum sella and some calcification 
in the anterior fossa just to the right of the midline over the orbital roof (Fig. 1). 

Spinal puncture revealed an initial pressure of 700 mm. of water, and in view of the high 
pressure, very little fluid was removed. Cell count, 1; Wassermann, negative. Other tests 
could not be completed. 

A diagnosis of right frontal neoplasm was made and ventriculograms were carried out, 
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revealing a large internal hydrocephalus with dilatation of the 8rd ventricle but with no air 
visible in the aqueduct of Sylvius. A shadow was seen in the right anterior horn where a mass 
was encroaching upon that portion of the ventricle (Figs. 2 and 3). As fluid was withdrawn 
from the right ventricle, a small amount of yellow oily material accompanied the fluid which 
contained some crystals and fat. It was felt that we were dealing with a cholesteatoma or 
dermoid tumor, extending into the right ventricle. The only explanation for the internal 
hydrocephalus seemed to lie in the probability that intermittent obstruction in the aqueduct 


Fig. 3 
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of Sylvius had occurred as a result of particles of solid material breaking from the tumor and 
floating into the iter. As intracranial pressure would rise, with associated headache, these 
fragments would be forced on through into the cisterna magna and the pressure temporarily 
relieved, 

Operation. On Dec. 17, 1941, a right frontal osteoplastic flap was turned down, and the 
dura opened widely. The ventricle was tapped and more yellow oily material was obtained. 
The majority of the right frontal pole was amputated and as the upper portion of the lobe 
was removed, a thin membranous sac was encountered, 

When this was opened, yellow caseous material could be seen which contained some hair 
as well as yellow oily fluid. This mass extended down to the roof of the orbit and into the 
anterior horn of the ventricle and some material extended into the foramen of Monro. The 
material was removed with a brain spoon and subsequently the region was irrigated repeatedly 
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Fig. 4 Fic. 5 


with Ringer’s solution. The thin membrane was removed as widely as possible but appeared to 
merge into the ventricular wall inferiorly. 

The dura was closed tightly and the flap replaced. 

Postoperative Course. This was uneventful with gradual improvement and clearing of 
headaches. Spinal punctures revealed a steadily falling pressure from 350 mm., 2 days post- 
operatively to 180 mm., 2 weeks postoperatively. The spinal fluid was xanthochromic with 
gradual clearing. 

Pathological Report. “The side of a large cavity is received, the wall being composed of 
cortical tissue and lined within by ependymal cells. In places the ependymal cells grade into 
masses of deeper staining cells with large deep staining nuclei, which are several layers thick 
and which resemble squamous cells. Aggregations of these in other areas show formation of 
endothelial giant cells, many of which are syncytial types. Some of the epithelial cells produce 
tiny seed-like keratin pearls. Around many of the vessels adjacent to the lining of the cyst 
cavity are lymphocytes. None of the hair is seen in the microscopic section. It apparently has 
fallen out during the technical processes of the tissue. 

“Diagnosis: (a) Dermoid cyst. (b) Brain showing contusion, hemorrhagic and reactive 
gliosis.” 

Subsequent Course. His progress was satisfactory for about 10 months, following which he 
again began to have recurring headaches. Shortly before his return for further examination 
in December 1942, he had a sudden episode of unconsciousness with respiratory depression 
but without convulsive motion. Shortly after re-entry into the hospital a similar episode oc- 
curred, following which the patient was stupid and disoriented. 
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Neurological examination revealed no objective changes except for the fundi, which 
showed low-grade papilloedema. Spinal fluid pressure was 250 mm. of water. Ventriculograms 
were repeated and evidence of deformity of the right anterior horn was apparent (Figs. 4 and 
5). It was felt that recurrence of material in the old tumor bed had occurred, and intermittent 
block of the iter was responsible for renewed symptoms. 

2nd Operotion. It seemed unlikely that a second removal of tumor would succeed perma- 
nently and a short-circuiting operation of the type suggested by Torkildsen was undertaken 
on Dee. 21, 1942. A No. 14 rubber catheter was introduced well into the lateral ventricle 
through a burr hole in the occipital region and then led into the subarachnoid space of the 
cisterna magna through a suboccipital craniotomy opening. The catheter was anchored by 
silk sutures to the dura above and below, and to the bone near the superior curved line. In 
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this manner it was hoped that a larger channel could be established between the ventricles 
and the cisterna magna which would prevent the intermittent obstructions previously present. 

Course. His postoperative course was satisfactory with gradual clearing of his mental con- 
fusion and he was sent home 3 weeks following operation. Aside from occasional slight head- 
aches there were no complaints throughout the next year. 

In February 1943 the patient apparently had a convulsive seizure which was thought to 
he due to his frontal lobe pathology and operative resection. 

Examination, August 1944: Only occasional slight headache. Fundi, normal. Catheter 
readily palpable beneath scalp. Neck motions were entirely free. 

A second convulsion occurred in October 1945. Examination, Oct. 31, 1945: No new 
complaints. Neurological study, negative. X-rays taken then revealed the catheter to be in 
good position without visible deterioration (Figs. 6 and 7). 

Examination, Oct. 19, 1946, almost 4 years after introduction of the catheter: Patient has 
been working regularly. No further convulsions. No headaches. Vision and fundi, normal. 
Neurological study, negative. 


DISCUSSION 


We have assumed that the internal hydrocephalus resulted from intermittent obstruction 
of the iter due to fragments of an intraventricular dermoid tumor carried down in the cere- 
brospinal fluid. We have not previously encountered, or seen reported, a similar situation. 
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Aside from the unusual cause for development of an internal hydrocephalus, this patient 
allows one to form some estimate of what may be expected of a short-circuiting operation 
over a fairly long interval. The majority of instances for its use are palliative where inoperable 
tumors involve the region of the brain stem and the duration of life is not long. 

In 4 years no untoward reactions have developed, and no foreign body reaction, or evi- 
dence of deterioration of the catheter, has been demonstrable. 
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KLIPPEL-FEIL’S SYNDROME ASSOCIATED WITH COMPRESSION OF THE 
SPINAL CORD BY AN EXTRADURAL HEMANGIOLIPOMA 
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at Illinois Neuropsychiatric Institute, and Chicago Memorial Hospital, Chicago 


(Received for publication May 2, 1947) 


Klippel-Feil’s syndrome? is a congenital malformation of the neck. The defect involves the 
cervical vertebrae predominantly. There may also be associated neurological abnormalities. 
Usually these result from malformation of the spinal cord, although in many instances the 
presence of neurological symptoms, such as paraplegia and sensory changes, has been re- 
ported without the fundamental abnormality of the nervous system being known. In the 
case reported here a paraplegia developed as the result of compression of the spnial cord by 
an epidural hemangiolipoma. 

The syndrome of Klippel-Feil is characterized by a fusion of many of the cervical verte- 
brae and a resultant reduction in the number of bony components of the cervical spine. The 
patient appears to have a very short neck or almost no neck at all, the movements of the 
head and neck are distinctly limited, and the hair line on the back of the neck is exceptionally 
low.*® Associated malformations in this region are common.!' There may be be an absence of 
the spinous processes and laminae of the cervical and upper thoracic vertebrae, i.e., a spina 
bifida occulta. Sprengel’s deformity, congenital elevation of the scapula, has been noted in 
many cases.°.!! 

Neurological disturbances associated with this congenital malformation of the cervical 
spine have not been reported frequently. One of the more unusual has been the occurrence of 
“mirror movements” in the upper extremities.’ In this condition the patient cannot dissociate 
movements of the two hands, and every movement of one is imitated more or less exactly 
by the other. The anatomical basis of this unusual symptom is unknown. In other cases the 
Klippel-Feil deformity has been associated with a paraplegia or a quadriplegia.2.7""."" Such 
evidence of extensive involvement of the spinal cord has usually been attributed to a myelodys- 
plasia, often of the syringomyelic type. Seldom has there been an actual examination of the 
nervous system. However, Avery and Rentfro? observed a patient with a Klippel-Feil de- 
formity and associated neurological disturbances shortly after birth. Autopsy in their case 
revealed a severe malformation of the spinal cord which, among other things, was split into 
two lateral halves in the cervical region, and there were thickening of the meninges, increase 
in the number of blood vessels and abnormal vascular formations. The lower parts of the 
spinal cord were normally formed, but not without some microscopic alterations. Roger, 
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Arnaud and Audier® in a review of the literature in 1934 found no case of Klippel-Feil syn- 
drome in which the condition was associated with any evidence of an intraspinal tumor. It 
was their opinion that the neurological abnormalities associated with this bony anomaly are 
due to compression of the spinal cord or its roots by bony malformations or as the result of 
malformations of the spinal cord itself. 


In the case which came under our observation there was typical clinical evidence of an 
intraspinal tumor and this was confirmed at operation. 


CASE REPORT 


F.B., a 33-year-old man, was referred by Dr. Joseph A. Patka of Chicago, Illinois. He was 
admitted to the Chicago Memorial Hospital on July 7, 1945. He had been aware of a de- 
formity of his neck all of his life, but this had caused him little disability. However, for the 





Kia. 1 


10 weeks prior to admission he had suffered from a progressively increasing weakness of his 
lower extremities. At first he noticed weakness of his knees only in the evenings when he 
returned home from his daily duties as a welder. Approximately 3 weeks before admission the 
weakness had become so severe that he could not raise his feet from the floor, and he had 
to cease his work. A week later he first noticed a diminution in the sense of touch and position 
of his lower extremities. For the week prior to admission the weakness of his legs had become 
so severe that he could not get out of bed without assistance and could not stand. 

Enquiry revealed that he had suffered from weakness of his lower extremities for a period 
of 2 weeks when he was 14 years of age. One year prior to admission he had a right orchidec- 
tomy because of an industrial injury. There was no family history of any similar deformity 
or neurological disturbance. 

aa a He was a well nourished white male. His neck was obviously abnormally 
short (Fig. 1). His head seemed to be set between his shoulders, and there was marked limita- 
tion of late a movements of the head. Extension of the neck was impossible, while flexion 
was quite free. He was intelligent and cooperative. The cranial nerves were intact in all re- 
spects. There was no evidence of any involvement of the cervical sympathetic nerves. There 
was a marked hypesthesia to all of the usual forms of cutaneous sensory stimuli below the 
level of the 3rd rib. There was an almost complete anesthesia over the left lower extremity. 
lhere was no detectable disturbance of sensation on the upper extremities. Vibratory sensi- 
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bility was markedly reduced on the chest, in the pelvis and in the lower extremities and po- 
sition sense was lost in the toes. Muscular strength was excellent in the upper extremities. 
But the lower extremities were practically paralyzed. Only very weak extension and even 
feebler flexion was present at the knees. The lower extremities were quite spastic, especially 
on the right side. A crossed extensor reflex could be readily elicited in the right lower extremity 
by pinching the toes of the left foot. There was no muscular atrophy. The tendon reflexes were 
all quite active and equal in the upper extremities and Hoffmann’s sign was elicited bi- 
laterally. The abdominal reflexes were all absent. The tendon reflexes in the lower extremities 
were very hyperactive and clonus was readily evoked at both the knees and ankles. Babinski’s 
sign was present bilaterally. 

A lumbar puncture was made. The initital pressure was 120 mm. of fluid. On bilateral 
jugular compression there was a slow delayed rise of the spinal pressure to 190 mm. The 
pressure did not fall when the jugular compression was released. Abdominal compression 
produced a rapid rise to 250 mm. and a rapid fall when the compression was released. The 
fluid was faintly xanthochromic. Pandy’s test was positive, and the total protein was 200 
mg. per cent. There were no cells in the spinal fluid. The Wassermann reaction was negative 
and the Lange colloidal gold curve was 0000000000. 

On general physical examination the lungs were clear on percussion and auscultation. The 
heart was not enlarged. The rhythm was regular and there were no murmurs. The cardiac 
rate was 86 per minute and the blood pressure 140/96. Abdominal and rectal examinations 
were negative except for a well healed right inguinal surgical scar and the absence of the 
right testicle. 

X-ray examination of the cervical and upper thoracic spine revealed a solid fusion of the 
posterior articulations of the 2nd, 3rd, 4th and 5th cervical vertebrae. The bodies of these 
vertebrae were small and fused into a solid mass. The spinal canal between the fused laminae 
and the posterior surfaces of the vertel.ral bodies was unusually deep. The 6th and 7th 
cervical vertebrae and the first 5 thoracic vertebrae were fused into a similar long solid mass. 
There was an irregular joint between these two long masses of bone which formed the verte- 
bral column in this region. There was a kyphosis with its apex at what was judged to be the 
cervico-thoracic junction. The pedicles of the first 4 thoracic vertebrae were either con- 
genitally absent or had been eroded. The latter possibility seemed the more likely as the 
pedicles of the 5th thoracic vertebra showed definite changes suggestive of incomplete erosion 
by intraspinal pressure. 

Operation. On July 12, 1945 a laminectomy was made from the 6th cervical to the 5th tho- 
racic vertebra. All of the laminae and spinous processes were fused into a solid mass of bone. 
After the spinous processes were removed the remaining sheet of bone was opened with a 
perforator and burr and then removed with a rongeur. Beneath the laminae was a friable 
vascular tumor which compressed the dura mater and the spinal cord. All of this tumor lying 
posterior to the dura mater was removed but that portion lying lateral and any which might 
have been lying anterior to the dura mater was not disturbed. Bleeding was profuse but was 
controlled with the electro-surgical unit and fibrin foam. The tumor was regarded as an 
extradural sarcoma. 

Pathology. Microscopic examination of the tumor removed at operation showed a tissue 
which was basically lipomatous, with many typical round and polyhedral adipose cells. Run- 
ning through this lipomatous mass was a coarse stroma of connective tissue. In many places 
these strands of connective tissue were made of large collagen fibers. These strands were quite 
acellular. Other connective-tissue strands, however, contained many ovoid fibrocytic nuclei. 
In a few places the stroma was infiltrated with polymorphonuclear leucocytes. Scattered 
throughout the lipomatous tissue were many vascular channels (Fig. 2). For the most part 
these were large sinusoidal spaces with a single layer of endothelium forming the lining and 
resting on a thin supporting wall of connective tissue. Most of these channels were filled with 
erythrocytes but some contained only coagulated serum. A few of the vascular channels had 
thicker walls with a muscular as well as a connective-tissue layer outside of the endothelial 
lining (Fig. 3). In a few places the lumens had been occluded by proliferation of the vascular 
walls. The tumor was regarded as a hemangiolipoma. 
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Postoperative Course. There was gradual slow recovery. On the 10th postoperative day 
x-ray therapy was started. In all he received 2,050 r of x-ray directed toward the site of the 
tumor. The patient was discharged from the hospital on the 25th postoperative day. At 
that time cutaneous sensibility was less diminished and the border of the area of hypesthesia 
in the upper thoracic region was much less sharp than formerly. Vibratory sensibility had 
recovered completely and the strength of the lower extremities had so increased that he 
could stand and shuffle from his bed to a chair. Spasticity was still present in the legs. The 





abdominal reflexes were absent and sustained clonus could be elicited at the ankles. Babinski’s 
sign was present. 

The improvement continued. Three weeks after leaving the hospital he could walk up- 
stairs, using two canes. Soon he was able to discard all aids and before long he returned to 
work, He was last seen on March 3, 1947. He had been working steadily. His station and gait 
were normal. There was no involvement of the cranial nerves. Sensation in all forms was in- 
tact everywhere. Muscular strength, tone and coordination were good. All tendon reflexes in 
all four extremities were hyperactive. The abdominal reflexes were active and equal. Babin- 
ski’s sign could not be elicited. The deformity and limitation of movements of the neck were, 
of course, still present. 


DISCUSSION 


There can be little doubt but that the extradural hemangiolipoma which resulted in the 
compression of the spinal cord in this case and which was responsible for the neurological 
symptoms, was the result of a congenital malformation, like the Klippel-Feil deformity with 
which it was associated. Why it did not give rise to evidence of its presence for 33 years, or 
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what activated this lesion and caused it to enlarge and compress the spinal cord after so 
many years is, of course, as obscure as the etiology of congenital lesions usually is. 

Although there were vascular anomalies here, as there were in the case reported by Avery 
and Rentfro,? the two are not otherwise comparable. In their case the neurological symptoms 
were the result of dysplasia of the spinal cord whereas in our case the compression of the cord 
by an extradural lesion was the important pathological disturbance. The other reported cases 
were much more comparable to the case of Avery and Rentfro, and there was no evidence in 





Fic. 3 


any of them of compression of the spinal cord by an extramedullary lesion or of obstruction of 
the spinal canal. 


SUMMARY 


The case is reported of a 33-year-old man who had suffered from a Klippel-Feil deformity 
of his neck all of his life. In the course of 10 weeks he developed signs of compression of the 
upper thoracic spinal cord which rapidly progressed to a total paraplegia. Laminectomy dis- 
closed an extradural hemangiolipoma which was partly removed and then treated with x-ray 
radiation. Complete recovery followed. 

The literature contains the reports of several cases in which symptoms of involvement 
of the spinal cord have been associated with Klippel-Feil’s syndrome. In those cases, however, 
the symptoms have apparently resulted from myelodysplasia. In no report, which we have 
found, is there another record of an extradural mass compressing the spinal cord in association 
with this malformation of the cervical spine. 
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On June 3, 1947, Dr. William J. German, New Haven Hospital, New Haven 4, Connecti- 
cut, was elected Secretary-Treasurer of The American Board of Neurological Surgery to re- 
place Dr. Paul C. Bucy, Chicago, Hlinois, whose term of office has expired. 


SPANISH-PORTUGUESE SOCIETY OF NEUROSURGERY 


The Spanish-Portuguese Society of Neurosurgery was formed in May 1947 at the instiga- 
tion of Dr. A. Lima and Dr. S. Obrador, and has a membership of 17 neurosurgeons. Dr 
Egas Moniz is Honorary President. The first meeting of the society will take place in Barcelona 
next spring. Members of the Harvey Cushing Society are cordially invited to attend. Repre- 
sentatives from the British and Scandinavian neurosurgical societies are planning to be 
present. 
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STUDIES UPON SPINAL CORD INJURIES 
Il. THE NATURE AND TREATMENT OF PAIN* 
LOYAL DAVIS, M.D., ann JOHN MARTIN, M.D. 


Department of Surgery, Northwestern University Medical School, 
Chicago, Illinois 


(Received for publication May 12, 1947) 


$ WE pointed out previously,’ a series of 471 patients with spinal cord in- 
juries, some of them observed immediately and others studied as long 
as four and five years after the lesion was produced, afford many 
opportunities to add to existing clinical knowledge which should make the 
care and treatment of these patients more generally understood. The nature, 
occurrence, and methods used to relieve the pain of which these patients 
complain is only one of the many aspects of their treatment, which con- 
stitutes a multifaceted and general medical problem. It should be em- 
phasized that the majority of these patients are in constant need of medical 
attention of one kind or another and that only a small proportion of those 
who do not recover completely reach a stationary and fixed physical and 
mental state. 

Of these 471 patients, 55 were treated following injuries in civilian life 
and 416 were injured during military service. The majority of the latter 
lesions were produced by bullets and shell fragments but many were the 
result of automobile, diving and wrestling accidents similar to those en- 
countered in civilian life. There were 77 patients with a lesion of the cervical 
spinal cord; 288 had thoracic cord injuries and in 106 the lumbar enlarge- 
ment and/or the cauda equina were affected (Figs. 1, 2, 3, 4). 

Of the 471 patients studied, 126 complained of pain so severe as to re- 
quire the consideration of active steps to be taken for its relief. Of these 
patients, the cervical spinal cord was injured in 8; the thoracic portion of 
the cord in 73, and the lumbar cord and cauda equina in 45. It should be 
pointed out at once that these facts are in disagreement with the experiences 
of Gordon Holmes? who observed severe pain most often in patients with 
injuries of the cervical enlargement of the cord. This is not to say that his 
observations were incorrect but we have studied a much larger group of 
patients who have lived a much longer period of time following their in- 
juries. 


* Presented at the meeting of the American Neurological Association, June 18, 1947, Atlantic City, 
New Jersey. 


The records which furnished the data for this paper were the case histories of patients under the 
care of the authors in private practice, in the 12th U.S. General Hospital in an oversea theater of war, 
and in a Veterans Administration Facility. The views expressed herein are those of the authors and are 
not intended necessarily to reflect the opinions of the Medical Department of either the United States 
Army or the Veterans Administration. 
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In general, the pain experienced by the patients can be divided into (1) 


root pains, (2) burning, tingling, poorly localized pain and (3) visceral pain, 
characterized by its cramping, diffuse and vague character. ' 
Only 1 of the patients with an injury of the cervical spinal cord com- , 
plained of hot, sharp, knife-like, cramping, radiating pain typical of root ‘ 
irritation. His pain was in the distribution of the 8th cervical dermatome 


and corresponded in its location to the level of his vertebral damage. There 
was no mistaking the patients’ description of typical radicular pain even 
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Fic. 1. The greatest incidence of injury in closed wounds of the spina! cord is at the lower cervical 
and thoracolumbar levels. The majority of patients in this group with cervical injuries were injured in 
diving accidents. 
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Fic. 2. Open wounds of the spinal cord in civilian practice are relatively rare, compared to their 
great frequency in military practice. The patients in this group were injured in stabbing or gun shot 
accidents. 
though their terms for conveying its severity and suddenness were varied, 
picturesque, and at times quite beyond the capabilities of the most intelli- 
gent among them to convey an idea of its nature by words. In every instance e1 


the location of the pain could be traced accurately to dermatome bound- tt 
aries. The onset of pain usually occurred within a few days to a few weeks ” 
from the time of the injury. Twenty-eight of the 73 patients with thoracic a 
spinal cord injuries and 38 of the 45 with lumbar cord and cauda equina t| 
injuries suffered similar pains which were unrelieved by medication but ft 
which, in many cases, gradually abated in severity, although they have t] 
never disappeared entirely, without surgical attempts directed toward their W 
relief. The preponderance of root pains in the patients with injuries of the p 


lumbar spinal cord and cauda equina is to be expected. te 
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Every one of the 126 patients complained of continuous, burning, 
tingling pains which were diffuse, were never localized narrowly and almost 
never corresponded to the peripheral distribution of a dorsal root. Segments 
of the body below the level of the spinal cord lesion, in which there was a 
complete loss of sensation to the usual sensory stimuli, were involved, such 
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Fic. 3. Even among military casualties, the majority of closed injuries of the spinal cord occur in the 
lower cervical and thoracolumbar levels. In this group the high peak of injury at thoracie-12 and lumbar- 
1 represents for the most part military traffic accidents, the jeep being a frequent offender. 
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Fic. 4. A larger number of patients with open wounds of the thoracic and lumbar spine survived long 
enough to reach the general hospital in this group of military patients. As would be expected, the long 


thoracic spine shows a high incidence of wounds by gun shot or shell fragment. Open wounds of the upper- 
most cervical cord were almost always fatal early. 


as both feet or both legs below the knee. The most common description was 
that of burning, “shooting like electricity,” “tingling like that following 
frostbite,” and a “feeling like pins and needles.”’ Many patients described 
this type of pain as being more severe with the onset of cold and damp 
weather; in many it became increased when they became excited or de- 
pressed; in others it was increased by the light contact of a finger or the 
touch of a wisp of cotton. Movement of the body, jarring of the bed, fatigue, 
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attempts to concentrate upon moving the toes and smoking were all de- 
scribed as factors in making the pain worse. 

The onset of this pain occurred immediately after injury to several 
months later. Holmes’ stated that in the cases he observed it reached its 
maximum upon the second or third day after its onset and began to subside 
toward the end of the second or third week. He knew of no patient in whom 
this type of pain persisted unabated beyond a month or so after injury. In 
general, our patients also described this burning pain as gradually increasing 
in severity for a time after its onset and then becoming less severe, but in 
many cases in this series the pain has persisted for 4 years and in all of them 
constitutes a major complaint for which they intermittently seek relief. 
There is no question that personality is a definite dominating factor in this 
type of pain. The nature of the pain assumes different attributes depending 
upon many emotional factors. The hot, burning pain would be replaced at 
times by severe crushing pressure, by vise-like, pinching sensations, by 
streams of fire running down the legs into the feet and out the toes, or by a 
pain produced by the pressure of a knife being buried in the tissue, twisted 
around rapidly and finally withdrawn all at the same time. Many of the less 
well-adjusted patients related this pain to the existing or healed bed sores 
from which the burning seemed to originate. In many respects, this pain 
resembles that complained of in phantom limbs, particularly with respect 
to its peripheral projection. 

The type of pain that we have classed as visceral pain must be sharply 
differentiated from the root pains and the diffuse, burning, unlocalizable, 
painful sensations just described. This type of pain was a sensation of full- 
ness in the abdomen related directly to distention of the urinary bladder or 
cramping, vague, diffuse, periumbilical and hypogastric pains which oc- 
curred when the patients received enemas and the fluid was injected rather 
high and the bowel was distended. In these patients the painful sensations 
continued until the bowel or bladder was completely evacuated. Many of the 
patients had a feeling of nausea, sudden profuse sweating, flushing of the 
face, headaches and pilomotor erections. In fact, in many patients a head- 
ache and flushing of the face and neck constituted their only warning that 
the bladder was full and was about to evacuate automatically. These vis- 
ceral sensations of pain occurred in over 80 per cent of all the patients re- 
gardless of the level of their spinal cord injury but were presented by the 
patient as complaints for which he wished relief in only 6 cases of thoracic 
cord lesions. 

METHODS OF RELIEF 

Cordotomies were performed on 18 patients for the relief of pain; 25 
operations were performed and 1 patient had 3 operations. Only 1 patient 
received lasting relief from the burning diffuse pain following cordotomy; 
2 received relief for 1 and 2 weeks, after which the pain returned exactly as 
it was before operation. Four patients received complete relief from severe 
root pains and 138 had no relief from root pains following the operation. 
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These operations were performed in other hospitals and in the majority 
of instances by inexperienced and unqualified neurological surgeons. In 6 
of these patients who had lesions of the cauda equina and who had no re- 
lief from the cordotomy, the sensory level and motor loss were at a higher 
dermatome level following the operative procedure, with a loss of automatic 
bladder function which had previously existed. 

In 2 patients with cauda equina lesions who had both root pains and 
diffuse, burning pain in their legs, paravertebral alcohol injections of the 
lumbar sympathetic trunk had been performed. In 1, temporary relief of the 
root pain for 3 days was obtained but in neither patient was there relief from 
the burning pain. 

We have given 30 patients who complained bitterly of diffuse, burning 
pain, intravenous injections of tetraethyl ammonium chloride to determine 
what effect this strong vasodilator drug might have upon their pain. In all 
of them, coldness of the lips, dizziness, slight nausea and weakness occurred 
but there was not a uniform striking drop in the systemic blood pressure and 
in none of them was there any significant relief from the pain. 

The clinical course of each of these patients was characterized by the 
administration of all types of sedatives and in some it has been necessary to 
relieve the patient of narcotic addiction. There was no drug or combination 
of drugs which afforded them any more relief from the burning pain than did 
an occasional capsule of aspirin, phenacetin and caffein. It must be empha- 
sized that over 90 per cent of the total number of patients complained at 
some time following their injury of the diffuse, burning pains that have been 
described but with the exception of this series of 126 patients, the pain 
either disappeared entirely and without any specific treatment, or the patient 
became completely adjusted to its presence and was aware of it only after an 
emotional upset or for some minutes immediately before he fell asleep. 


PATHOLOGICAL-PHYSIOLOGICAL MECHANISMS 


It is not difficult to understand or explain the mechanism of root pains 
which originate at the level of the lesion, although they are far more frequent 
after battle injuries than they are following fracture-dislocations with cord 
injury that occur in civilian life. Neither is it difficult to evaluate the pa- 
tient’s pain and suffering. Relief can be given surgically, if necessary, by 
sectioning the involved posterior roots as we have done in a few instances, or 
by a properly performed cordotomy. The afferent pathway for the trans- 
mission of this somatic pain is known and understood. 

Neither is it difficult to trace the pathway of the visceral afferent im- 
pulses, which are initiated by a distended bladder or bowel, even in proven 
cases of complete section of the spinal cord. It is well known that the splanch- 
nic nerves and the thoracic sympathetic trunk carry visceral pain impulses 
upward before they are transferred over the posterior root fibers to ascend in 
short relays of neurons in the gray matter of the spinal cord. We have ob- 
served patients with incomplete lesions of the cervical spinal cord as high as 
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the 6th cervical segment who have experienced headaches, sweating and 
pallor following distention of the bowel by enemas. Visceral sensations, 
which are at times painful in these patients, are usually never severe enough 
to require serious consideration for surgical relief. 

The most difficult to explain anatomically and physiologically is the 
diffuse, burning pain which occurs regardless of the completeness of the 
spinal cord lesion or its level. Holmes? said that in his patients with a Brown- 
Séquard type of lesion it was a rule that persisting burning pains did not 
occur on the side in which there was more or less persistent loss of pain and 
temperature sensibility. It was, therefore, the anterolateral columns of 
the cord in which he sought the anatomical changes to which the pains must 
be due. He stated that this hypothesis is supported by the observation that 
when conduction through this column is interrupted, as it was on the para- 
lyzed side in certain cases, pain did not occur on the opposite side of the body 
or at least did not persist beyond the first few days. 

The pathological lesions found in the anterolateral sensory pathways 
by Holmes were not sufficiently severe to block or seriously impede the con- 
duction of impulses. There were diffuse and widespread changes of a rela- 
tively mild degree. The spinal cord was swollen and constricted by its inelas- 
tic pial sheath and there were minute microscopical hemorrhages, edema and 
a peculiar swelling of the axis cylinders, which were irregular in caliber and 
were often several times their normal diameter. Holmes believed that though 
these changes do not interrupt the conduction of impulses they may modify 
the impressions that pass through the affected fibers. In other words, spon- 
taneous diffuse, burning pain, in so far as it is independent of peripheral 
stimuli, is due in his opinion to the irritative effects of these histological 
changes on the conducting fibers. He also believed that irritative lesions 
within the dorsal columns of the spinal cord can and do produce analogous 
symptoms. 

Foerster! agreed with Holmes in this hypothesis and also cited incom- 
plete lesions of the cervical spinal cord in support of the view. Others have 
cited cases of syringomyelia and have stated that irritation of the spino- 
thalamic tracts and peripheral projection of the resulting sensation is the 
only possible way to explain this type of pain. Foerster stated that the entire 
pain fiber pathway is excitable providing the correct threshold stimulus is 
employed and that irradiation of the diffuse, hyperpathic, burning pain was 
characteristic of stimulation of the fibers because the inhibitory pathway had 
been broken. Another view has been advanced that this type of pain is due to 
structural changes in portions of the gray matter in which the pain-conduct- 
ing fibers are normally interrupted in the succession of short chains of 
neurons by which they are represented within the spinal cord. 

We do not believe that the anatomical character of the spinal cord lesion 
or the level within the spinal cord has any bearing upon the occurrence of 
this type of pain. We have observed it in patients with complete anatomical 
transections of the cord which we have verified at operation as well as in 
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incomplete anatomical lesions. In one patient both the proximal and distal 
ends of the traumatically divided spinal cord were sectioned with the Bovie 
unit and a space of 2.5 em. in length was created between them. Following 
this surgical procedure the patient’s burning pain was exactly as severe as it 
was prior to operation. 

In all of those war injuries of the spinal cord in which a laminectomy has 
been performed because there has been a complete spinal manometric block, 
the dura has been bound to the extradural tissues and the spinal roots have 
been plastered to the dura or to the muscles in the absence of dura mater. 
The cord substance is often replaced by dense sear tissue in which no neural 
elements can be seen either grossly or microscopically. In areas adjacent to 
the scar both proximally and distally evidence of extensive degeneration of 
the fiber tracts and cells, gliosis and sclerosis is extensive. In the presence of a 
subarachnoid block there is usually a bulging, bulbous ending of the proximal 
arachnoid membrane which acts as a sort of sledge-hammer upon the under- 
lying cord with the slightest change in cerebrospinal fluid pressure. This 
mechanism could act as an adequate stimulus to the ascending fibers carrying 
painful impulses or to those in the posterior columns producing tingling, 
prickly sensations or other disturbing dysesthesias. 

Kuntz and Saccomanno! carried out aninal experiments in which the 
spinal cord was transected at a level between the roots of the 2nd and 3rd 
lumbar nerves or just caudal thereto. The ventral and dorsal roots of the 
last segment of the cord were sectioned in order to prevent afferent conduc- 
tion through them. In one group of animals the lumbar sympathetic trunk 
was interrupted unilaterally below the 2nd lumbar communicating rami by 
the removal of several centimeters of the chain. The lower extremities of 
these animals were insensitive to the ordinary exteroceptive and proprio- 
ceptive stimuli that are ordinarily used. However, squeezing of the leg or 
thigh, tightening of a tourniquet either above or below the knee, or strong 
‘aradic stimulation over the femoral or sciatic nerves on the side on which 
the sympathetic trunk remained intact frequently resulted in dilatation of 
both pupils. On the opposite extremity where the sympathetic trunk had 
been removed no change occurred. 

In view of the anatomic demonstration by Kuntz that afferent compo- 
nents of spinal nerves other than the ones through which an extremity re- 
ceives its voluntary innervation enter it via the sympathetic trunk and 
communicating rami, and in view of the experimental data reported above, 
Kuntz and Saccomanno believe that afferent impulses are conducted into the 
spinal cord through afferent spinal nerve components which transverse the 
sympathetic trunk and its communicating rami. In addition they also 
believe that sensory phenomena, such as the burning, diffuse pain that we 
have described in these patients with paralyzed lower extremities, can be 
explained upon this anatomical-physiological basis. 

Slaughter® has reported a case of complete transection of the spinal cord 
at the level of the Ist lumbar vertebra. His patient had severe, burning, 
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prickling pains in both legs which were paralyzed and insensitive to the usual 
sensory stimuli. This patient is reported to have had complete relief from his 
pain following bilateral removal of the lumbar sympathetic trunk and sec- 
tion of the hypogastric nerves. 

Hyndman and Wolkin*® have reported two cases of cauda equina lesions 
due to fracture of the 2nd lumbar vertebra in which certain varieties of sen- 
sation referable to the feet occurred by appropriate stimulation although in 
the same areas all ordinary exteroceptive and proprioceptive ability was 
lost. They demonstrated that the sympathetic innervation of the lower ex- 
tremity was not interfered with by thermoregulatory and sweating tests and 
then postulated the existence of afferent sympathetic fibers or antidromic con- 
duction in afferent sympathetic fibers. 

There is no anatomical evidence that there are any afferent sympathetic 
fibers but there is evidence that afferent fibers may travel within the auto- 
nomic nervous system and then pass by communicating rami into the spinal 
cord and upward, either as short relays of neurons in the gray matter of the 
cord in the case of visceral sensation, or within the usual columns of the 
white matter in the case of afferent sympathetic impulses. Stimulation of the 
fiber tracts in the proximal, injured end of the spinal cord as the source of the 
burning, diffuse pain fits into the long-accepted explanation for the presence 
of central pain in cases of syringomyelia or other degenerative diseases. It is 
also possible, it seems to us, that afferent impulses from the distal segment of 
the spinal cord, which normally produce the release of an H-like substance in 
the skin and muscles of the lower extremities, may continue without any 
upper level inhibiting influence. In turn, peripheral impulses ordinarily 
unrecognized now become noxious in a considerable number of patients and 
are carried upward by fibers within the autonomic system, described by 
Kuntz and Saccomanno, and thence within the spinal cord above the lesion 
to the thalamus. 


SUMMARY 


The pain that follows spinal cord injury has been found to be of much 
higher incidence in military than in civilian patients, probably because of the 
preponderance of open injuries in the former. The pain that accompanies 
either partial or complete lesions of the spinal cord falls into three general 
vategories: root pain, visceral pain, and a diffuse, poorly localized, burning or 
tingling pain. The mechanism of production of root pain, as well as the means 
of its elimination by proper surgical procedures, is well understood. The 
pathways for the transmission of the visceral types of pain is likewise well 
understood but these sensations do not require surgical intervention. The 
pain described as burning, tingling, or electric-like is never well localized by 
the patient and it has never been found to follow the pattern of any pe- 
ripheral nerve, or particular dermatome. Cordotomy above the level of either 
a partial or complete lesion failed rather consistently to give relief from this 
type of pain. Emotional and environmental factors play an important role in 
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the mechanism of this pain. Peripheral physio-chemical changes in the skin 
and muscles initiated by an irritative focus in the distal injured segment of 
the spinal cord may originate impulses which are spread upward through the 
autonomic system to enter the cord over a wide distribution and eventually 
reach the thalamus and cortex to be recognized as diffuse, burning pain. Or, 
this pain may be due to direct stimulation of the pain fiber tracts within the 
proximal injured segment of the spinal cord. Further experimental and 
clinical investigations, we believe, may help to solve this problem. 
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H. PUDENZ (MC), U.S.N.R., ann LIEUT. COLLIN S. 
MacCARTY (MC), U.S.N.R.* 


(Received for publication May 13, 1947) 


XTENSIVE median and ulnar nerve loss in the forearm, associated with 

soft tissue destruction, presents a difficult problem in management. 

The soft tissue defect can be repaired by skin grafting, but the loss of a 
large portion of both nerves can not be overcome even by extensive dissec- 
tion. End-to-end suture is impossible. 

The hand is useless from a functional standpoint even though flexion of 
the fingers is still possible with the long flexor tendons. The hand is com- 
pletely anaesthetic on the palmar surface and the small muscles are para- 
lyzed. It is impossible to effectively pick up or grasp small objects. The an- 
aesthesia makes it dangerous to use the hand, as degrees of temperature and 
pain are not appreciated. Severe burns are common. Position sense is absent, 
and any object placed on the hand is soon dropped unless the patient con- 
stantly watches the hand and concentrates on active flexion of the fingers. 

It is obvious in analyzing the disability that the major portion of the 
functional loss is due to the median nerve paralysis. If sensation and some 
motor power could be restored into the thumb and first three fingers, the 
patient would have a useful hand. 

A nerve graft is necessary, due to the great length of nerve destroyed. 
Homografts in our experience have failed due to rapid fibrosis of the grafts. 
Free autografts of considerable length usually suffer the same fate because 
of lack of adequate blood supply. It was thought possible to overcome the 
problem of vascularity and fibrosis by means of an extensive autograft done 
in several stages. 


The first patient treated by this method was a 23-year-old Marine (R.T.L.), injured 31 
July 1944 by shrapnel on Tinian. A massive soft tissue wound of the left forearm destroyed a 
large portion of the median and ulnar nerves. When seen 7 months later at the National 
Naval Medical Center, the original wound was well healed by dense scar tissue. No attempt 
had been made to repair the nerve injury. Complete median and ulnar nerve paralysis was 
present with marked muscle atrophy of the thenar eminence and moderate flexion contrac- 
tures of the last three fingers. 

pe : ; : ‘ sags , 

rhe proximal and distal stumps of the median and ulnar nerves were identified at the time 
of the first exploration, 2 February 1945, and the extent of the defects measured (Fig. 1A). 
The neuromas were 10 em. apart, and normal nerve tissue was separated by an even greater 
distance. A tantalum wire suture was placed through the neuromas of each nerve and gentle 


* The authors are now on inactive duty. Dr. Shelden and Dr. Pudenz are at 696 E. Colorado St., 
Pasadena 1, California, and 19380 Wilshire Boulevard, Los Angeles 5, California. Dr. Collin S. MacCarty 
is at the Mayo Clinic, Rochester, Minnesota. 
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tension applied. The neuromas were then wrapped with tantalum foil to aid in later identi- 
fication (Fig. 1B). After partial closure of the wound, the large soft tissue defect was repaired 
with a split-thickness skin graft. Three months later, 7 May 1945, the wound was reexplored 
and the proximal portion of the median nerve exposed. The incision was then extended up- 
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Fic. i. A, Diagram of extent of combined nerve lesion and soft tissue defect. B, Tantalum foil and sutures 
to aid later identification. 


ward on the mesial aspect of the arm and the ulnar nerve exposed and divided 9 em. above 
the olecranon process (Fig. 2A). The neuroma was resected from the proximal stump of the 
median nerve, and the cut end anastomosed to the distal end of the divided ulnar nerve with 
tantalum wire sutures. Only that portion of the ulnar nerve necessary for anastomosis was 
mobilized. 

During the next 4 monthsa positive Tinel’s sign with tingling referred to the median nerve 
distribution of the hand could be obtained from the point of anastomosis downward along the 
course of the ulnar nerve. At the end of this period, tingling in the thumb and the first three 
fingers could be elicited by tapping the neuroma on the end of the ulnar nerve in the forearm, 
and it was assumed that the median nerve fibers were present throughout the length of the 
ulnar segment to be used as a graft. 


The wound below the elbow was then reopened and the portion of the ulnar nerve below 
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the point of suture to the median nerve dissected free (Fig. 2B). The neuroma was resected 
from this composite ulnar-median trunk and free bleeding encountered at the cut end. The 
neuroma was resected from the distal end of the median nerve just above the wrist, and the 
ulnar graft sutured to the cut end with tantalum wire sutures (Fig. 2C). 
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Fig. 2. A, Suture of distal end of ulnar nerve to proximal portion of median nerve. B, Ulnar graft 
dissected free and distal neuroma resected. C, Ulnar graft sutured to distal portion of median nerve. 


Soon after the sutures were removed, a positive Tinel’s sign could be obtained at the 
point of suture, 2 em. above the wrist. Three months later, the Tinel’s sign could be elicited 
at the base of the thumb and fingers. Return of muscle bulk of the thenar eminence, and 
return of voluntary action of the flexor pollicis brevis and opponens pollicis muscles, became 
evident about the same time. Sensation and motor power continued to improve, and 5 
months after the second operation the patient was able to write, identify and remove objects 
from his pockets, use carpenter tools, and play basketball. The result has been gratifying from 
the functional standpoint (Fig. 3). A detailed report of the end result will be made at a later 
date. 
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DISCUSSION 

Three patients with almost identical injuries have been treated by this 

method of autograft in multiple stages. The second patient had a more rapid 

return of sensation, but motor function was slower, probably due to the 

extreme degree of thenar atrophy present before operation. When last ex- 





Fic. 3. Functional result 5 months 
after operation. Return of muscle bulk 
thenar eminence apparent. Sensation 
in median distribution almost normal. 


Fic. 4. Well-healed S_ incision. 
The two large flaps when reflected al- 
low exposure of entire flexor surface 
without use of retractors, 


amined, palpable muscle tissue had developed over the metacarpal bone of 
the thumb, and a useful degree of motion was present. 

The completion of the nerve graft in the third case was carried out when 
the Tinel sign had progressed well into the ulnar graft. When last examined 
one month following this procedure, the Tinel had not progressed into the 
distal portion of the median nerve. At surgery, however, the graft appeared 
viable and bled freely from the cut surface. 
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In all extensive peripheral nerve surgery, it has been our policy to use 
general anaesthesia. An “‘S” incision has been employed to allow wide ex- 
posure with minimal retraction (Fig. 4). A bloodless field, using a tourniquet, 
increases the speed and accuracy of the dissection. Tantalum wire sutures 
for anastomosis have afforded satisfactory approximation of the nerve ends, 
and less tissue reaction than the usual materials. The wound is closed without 
drainage after all large vessels have been ligated or coagulated. After closure 
of the wound, the entire area is well padded with loose gauze dressings and an 
elastic compression bandage applied. The tourniquet is usually not removed 
until the dressing is completed. This method, with postoperative elevation 
of the extremity, has proven very satisfactory. 

The postoperative treatment consists of daily physiotherapy and _ gal- 
yanic stimulation of the paralyzed muscles. Galvanic stimulation, if given 
daily, definitely reduces the amount of muscle atrophy and stimulates more 
rapid return of voluntary motion. 

This method has been employed only when both nerves in the forearm 
have been injured; but it would be equally well suited to repair of extensive 
sciatic nerve injury, using the peroneal branch as the source of the graft. It is 
conceivable that sacrifice of a normal ulnar nerve to obtain return of median 
nerve function would be justifiable if end-to-end anastomosis could not be 
obtained by the conventional methods. 

The use of a single large autograft has obvious advantages over cable 
grafts, or any of the frozen or preserved homografts, from both the theoreti- 

val and technical standpoints. The added safety of a two-stage procedure has 
been well demonstrated in skin grafting methods employed by the plastic 
surgeons. The same principle apparently can be utilized to advantage in 
nerve grafts to overcome long defects. The free bleeding from the distal cut 
end of the ulnar graft, when the neuroma is resected, demonstrates the 
adequate blood supply throughout the entire length of the transplanted seg- 
ment, and no doubt plays a vital role in the rapid return of function observed 
in these patients. 

The satisfactory functional and anatomical results in these three patients 
have prompted this preliminary report. When sufficient time has elapsed to 
evaluate the maximum return of function, a detailed account of each patient 
will be made. 

CONCLUSION 

Three patients with extensive combined median and ulnar nerve lesions 
have been successfully treated by a two-stage procedure, using the ulnar 
nerve as an autograft. 

The surgical technique is described. 

The possibility of repair of other extensive peripheral nerve lesions by 
this method is suggested. 
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THE USE OF THE SMEAR TECHNIQUE IN THE 
RAPID HISTOLOGICAL DIAGNOSIS OF TUMORS 
OF THE CENTRAL NERVOUS SYSTEM 


DESCRIPTION OF A NEW STAINING METHOD 


ARTHUR A. MORRIS, M.D. 
Baptist Memorial Hospital, Memphis, Tennessee 


(Received for publication June 5, 1947) 


EFINITIVE treatment of cerebral tumors has been standardized by 

accurate quick histological diagnoses. Though a majority of cerebral 

tumors can be diagnosed by their gross appearance, it is of consider- 
able importance to the surgeon to know the tumor type prior to removal of 
the neoplasm. The pathologist is forever trying to improve upon the accuracy 
of the diagnosis and at the same time enable methods to remain within a 
practical reach and understanding of the surgeon. In order that a method 
may fulfill the latter purpose it must be rapid, provide good staining differ- 
ential qualities, be adaptable to handling tiny bits of tissue, and stain all of 
the constituents of the tissue. It is of course desirable that any rapid method 
be comparable to the standard preparations commonly used. 

It is the purpose of this paper to describe a simple method of rapid diag- 
nosis of cerebral tumors which can be used in the operating room. The tissue 
can be ready for the surgeon to examine within 30-40 seconds following 
his own preparation of the smears made at the operating table between two 
sterile glass slides. 

The technique of using smears of bits of tissue for the diagnosis of various 
lesions is not new. It has been described for the diagnosis of brain tumors by 
Badt,' Russell,* Deery,? and Dudgeon and Patrick.’ It has probably been 
used in every pathological laboratory. The stain described here is superior 
to any one I have ever used for quick histological diagnosis, and was devel- 
oped by Dr. William Reid, and used at the Montreal Neurological Institute. 

TECHNIQUE 

As soon as the tissue is removed, a tiny fragment is placed at one end of an ordinary glass 
slide, and a drop of normal saline solution is added. A second glass slide with its long axis 
perpendicular to the first slide is then inverted over the fragment. Gentle pressure on both 
slides is then applied with the thumb and index finger of the same hand, mashing the tissue 
between the two slides. After little experience the proper pressure necessary to obtain a satis- 
factory preparation will be acquired. With a firm hold on the uppermost slide, this slide is 
quickly drawn down the long axis of the lowermost slide, thus making a smear of the frag- 
ment, just as one would in preparing a smear of gastric juice, exudate, or blood. It is recom- 
mended that several slides be prepared from the same fragment and from different fragments 
of the same specimen. The slides are then allowed to dry in air or over a hot plate. 
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Staining Method 


The staining method is as follows: 
1. Place in eosin solution for 5 to 10 seconds. This solution is prepared in the following 


manner: 
Peete NUMAN OU MMIO) S55 oio.5-0-05-5 G acne si0,9e oso das Gu enwea ne’ 1 gm. 
Potassium bichromate...... 0.6... oc ccc ce wees cecaees 1 gm. 
Se a ya ad 0 100 ce. 


2. Wash carefully in tap water. 
3. Dehydrate with acetone-alcohol from dropper bottle. 


Use: 
PM MINNNR s.r 55c, sis 1s, scriasa a Sais so een aioe sanleraina Gaal 1 part 
MN ee ac ay 5 Sons igia, its Bree) ole of shal eh ta, Bieler 0, 90a ouseo, ploraieiwtace 5 parts 


4. Wash carefully in tap water. 
5. Stain in methylene blue solution for 10 to 30 seconds. Tumor tissue requires a shorter 
time, usually about 10 seconds. The preparation of this solution is often difficult, and 


the success of having a good concentrated stain depends on carrying out the directions 
carefully: 
Prepare a solution of 
Methylene blue............. So eee es 1 gm. 
Potassium carbonate......... AR ee re 1 gm. 
NIUE si hae Eos 56 was 9 oss wid RS .... 800 ee. 


Boil the solution for 10-15 minutes. Add 8 cc. of glacial acetic acid, drop by drop with 
a pipette, shaking the solution rather vigorously. Continue to shake until the precipi- 
tate dissolves. Finally boil the solution until a concentrated solution of 100 ce. remains. 
Allow to cool slowly. This stain is stable for at least a year, if not longer. 

6. Wash carefully in tap water. 

Dehydrate with acetone-alcohol solution from dropper bottle, using 1 part absolute 

alcohol and 5 parts acetone. 

8. Dehydrate with chloroform from dropper bottle. 

9. Clear in toluol, using a dropper bottle. 

10. Mount in Canada Balsam. 

11. Cover with large cover glass. 


~ 


The preparation is then ready to be studied under the microscope. The actual preparation 
of the smear can be made in less than | minute in a large number of instances. 


The results of the staining reveal blue nuclei, slight grey to pink cyto- 
plasm, brilliant pink collagen, pink glial fibers, blue intracellular phagocy- 
tosed particles. In one instance a metastatic brain tumor from a melanoma of 
the eve revealed blue intracytoplasmic granules. The stain gives an excellent 
differentiation between the various structures listed. On several occasions | 
have been able to observe the intracytoplasmic fibrils in a piloid astrocyte. 
In another case, “gitter” cells could be easily differentiated from the tumor 
cells of the same size, because of the mesh-like cytoplasm in the “gitter”’ 
cells. These results were checked with fat stains on homologous smears. The 
smears may also be used for the routine frozen and chromatic techniques. 
Mucicarmine and glycogen stains have been particularly successful. 

Certain alterations in the staining times will result in distinctive prepa- 
rations. For example, if perineurial fibroblastomas are left longer (25 to 30 
seconds) in the eosin solution, and if meningeal fibroblastomas are left ex- 
actly 8 seconds in the eosin solution and 12 seconds in the methylene blue 
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solution, the results will be far more gratifying. With experience and after 
examination of the first stained preparation, one will be able to judge the 
staining times with considerable advantage. 

The fastness of the stain varies. The preparations are good for at least 3 
years. If the smears are re-studied the differentiation often will be clearer 
than the original more heavily stained preparation. For example, smears of 
normal brain will fade more quickly than smears of tumors. When the nor- 
mal brain smears fade, the neuroglial fibers become more prominent, and 
occasionally one will observe astrocytes fully impregnated, a demonstration 
not unlike Cajal’s gold chloride sublimate method for demonstrating astro- 
cytes in frozen sections. 

The importance of making preparations as soon as possible is not as 
demanding as supravital preparations of unfixed tissues. The tissue when 
kept in an icebox can be accurately stained and interpreted as long as 3 days 
later. After the unstained slides are prepared, they may be kept and stained 
at any time, even years later. 

The tissue when prepared by this method tends to be uneven. This, how- 
ever, does not detract from the usefulness of the smear, but rather adds to it, 
for on a single slide it is common to have large areas of solid tissue, which are 
often equivalent to the cut frozen section, and small areas of isolated cells. 
Thus the relationship of the tumor proper can be deduced, and the isolated 
cytology offers an academic study as well as establishing its true form. For 
example in the ependymoblastoma the isolated cells appear as sperm-like 
objects (Fig. 1) with elongated tails, and in thicker areas as rosette-like 
clumps of cells, some arranged around the blood vessels. 


DISCUSSION 


Advantages of the Technique and Staining Method. The method is simple, 
requires very little time, and provides results comparable with the ordinary 
hematoxylin and eosin stain. Little specialized training is required for inter- 
pretation of the tumor types. 

One can usually work accurately with the smallest fragment of the tissue. 
The following case illustrates the importance of accurate histological diag- 
nosis on a tiny fragment of tissue, which was too small to allow a frozen 
section to be attempted: 


A 46-year-old woman who had Jacksonian seizures for 2 years, was admitted for investiga- 
tion. There were no neurological signs, except a questionable papilledema of the left eye. The 
CSF pressure was 220 mm. A ventriculogram revealed an expanding lesion of the left fronto- 
parietal region. Plain X-rays of the skull were normal. 

A left frontoparietal osteoplastic craniotomy was made and the rolandic fissure exposed. 
The bone flap had its superior margin placed within 8 em. of the midline. A single widened 
gyrus and moderate increase in the intracranial pressure were the only positive findings. In 
view of the 2-year history of convulsions, the lack of plain X-ray changes, minimal neurologi- 
cal signs, and the finding of a single widened gyrus, which on stimulation was proven to be 
the motor area, the presumptive gross diagnosis of astrocytoma diffusum was made. If this 
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diagnosis was verified, no further surgery was necessary, since removal of this region would 
result in hemiplegia. A small (#18) biopsy needle was introduced for a distance of 4 em. into 
the widened gyrus, where an increased resistance (moderate) was encountered. A tiny frag- 
ment was removed, one that was too small to risk cutting a frozen section. A quick smear 
was made and the diagnosis of “meningeal fibroblastoma”’ returned. The surgeon, reasoning 
that such a tumor in this region was commonly attached to the falx, enlarged the bone flap 
mesially towards the falx, and removed the meningeal fibroblastoma attached to the falx 
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Fic. 1. Photomicrograph showing smear preparation of an ependymoblastoma of the cerebral hemi- 
spheres. The numerous elongated unipolar cells resemble spermatozoa. 

Fic. 2. Medulloblastoma of the cerebellum. Note the small hyperchromatic cells and the large 
rosette. 


from behind the motor area. The patient recovered from a temporary postoperative right 
hemiplegia within 12 days. 


Entire discrete cells with their processes often can be studied (Figs. 1, 4, 
6 and 8). In the piloid astrocytoma the numerous piloid fibers can be seen in 
large numbers (Fig. 6). The cells of the ependyblastoma resemble sperm 
cells with elongated tails (Fig. 1). This detailed cytological character of the 
tissue also serves to gratify the academic interest in the tissue. 

The estimation of dedifferentiation of the tissue is better since in a cut 
section so many cells are out of plane of the section (Figs. 1, 3, and 7). 

Proliferative blood vessels in malignant gliomas are often seen in great 
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lengths (Fig. 9). When parts of the proliferative vessels break off they appear 
as solid balls of cells (Fig. 9, A). 

The method is of great aid in the selection of tissues for special study, 
such as tissue cultures and tissue transplants into laboratory animals. 

A more accurate estimation of the number of mitoses is gained since the 
tissue is examined before many mitoses are completed, whereas even with 





Fic. 3. Smear of a metastatic lesion from left parietal lobe. The primary site was the testicle. Note 
the epithelial-like cells with large globoid nuclei. 

Fic. 4. Bipolar spongioblastoma of 3rd ventricle. The smallest round cells are red blood cells. Each 
spongioblast is clearly outlined, showing no tendency to form obvious structures or any attempt to main- 
tain a specific pattern. Note variability in size of many of the neoplastic cells. 


rapid fixation of tissues a large number of cells in mitotic division are elimi- 
nated in the final paraffin or frozen section. 

The unit of structure is sometimes revealed. The rosette (Fig. 2) of the 
medulloblastoma presents itself as an isolated structure, and the whorls of a 
meningeal fibroblastoma will occasionally be entirely isolated from the 
tissue proper. 

It is beyond the scope of this manuscript to state all the advantages of 
the rapid methods used in the diagnosis of brain tumors since they are well 
known. 

Disadvantages of the Technique and Staining Method. Russell‘ states that 
certain tumors, such as the acoustic neurofibromas and some of the meningi- 











Fic. 5. Smear preparation of a meningeal fibroblastoma (meningioma). Note the elongated fibro- 
blasts with fine even fibrous fibers forming numerous sweeping whorls. The direction of the smearing proc- 
ess is not detectable. 

Kia. 6. Piloid astrocytoma of cerebral hemisphere. Note heavily impregnated piloid fibers and small 
round nuclei, 
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Fic. 7. Photomicrograph of a glioblastoma multiforme of the cerebral hemisphere. Compare cell size 
to that of a red blood cell (A). Note pleomorphism of cells and presence of giant cells (B). Many of the 


nuclei reveal their chromatin granules. 
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ic. 8. Smear preparation from margins of a hemorrhagic cyst. Note large astrocyte with its processes 
fully stained (A), and numerous clear cystic areas (B). The general mottled appearance suggests wide- 
spread degeneration. 
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Fic. 9. Photomicrograph showing endothelial proliferation in a glioblastoma multiforme. One vessel 
is shown in cross section (A) and is completely closed by endothelial proliferation. Another vessel, shown 
i in the longitudinal plane, demonstrates the marked thickness of vessels in the adjacent neoplastic tissue 
ie Fig. 10. Smear preparation of normal vessels of the brain for comparison with Fig. 9. 
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omas, are too tough to spread upon a slide. In my experience this difficulty 
has not been encountered. Some of the best preparations are obtained from 
these tumor groups (Fig. 5). 

It is true that some of the tumors present more difficulties in smearing 
than others, and it is in this group that the most distortion results. The diag- 
nosis, however, can usually be made from a few fringes of the tissue near the 
margins of the slide. 

This method is not designed to replace the diagnosis of cerebral tumors 
by the well established differential staining methods, but is designed to pro- 
vide a presumptive diagnosis during the operation. 

Difficulties in the diagnosis will obviously arise depending upon the ex- 
perience and training of the interpreter. In general the diagnostic difficulties 
which may have arisen have been no greater than those ordinarily en- 
countered with any rapid method of diagnosis. 


SUMMARY AND CONCLUSIONS 


This report is based upon a personal experience with 116 tumors of the 
central nervous system. This new staining method, which utilizes smears or 
wet film preparations of central nervous system tumors, is simple, rapid, 
provides results comparable with the ordinary hematoxylin and eosin stain, 
requires little specialized experience for the interpretation of the tumor type, 
enables one to work accurately with the smallest fragment of tissue, often re- 
veals entire discrete cells with their processes intact, provides a better dedif- 
ferentiation of the tissue, and may reveal isolated unit structures for study. 
The diagnosis based upon study of smears is considered only a presumptive 
diagnosis, and should not replace the well established differential staining 
methods commonly used in the diagnosis of the tumors of the central nervous 
system. 
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OR many years investigators have sought an adequate and practical 
substitute for the dura mater when replacement of this membrane has 
been necessary by reason of injury or disease. An imposing list of 
materials including the metallic foils, both autoplastic and nonviable mem- 
branes, and miscellaneous substances such as cellophane and rubber tissue 
have been tried with indifferent success. During the recent war major atten- 
tion was focused on tantalum foil, fibrin film and the various animal mem- 
branes.?*-* However there are important disadvantages to all of these sub- 
stances when they are used in the everyday practice of neurologic surgery. 

The problem of a dural substitute is compounded by the need for special 
qualities in different situations beyond the mere repair of dura. In cases of 
cerebrospinal rhinorrhea or an open ventricle following resection of a lobe it 
is necessary that the artificial dura be of high tensile strength and that it be 
firmly sutured in order to permit construction of a watertight dam. Pene- 
trating craniocerebral injuries call for a membrane that is primarily nonad- 
herent to reduce the incidence of meningocerebral cicatrization and _ post- 
traumatic epilepsy. The malignant gliomas in which recurrence is anticipated 
call for a dural substitute possessing a certain degree of elasticity for pur- 
poses of decompression. Therefore, high tensile strength, ability to hold a 
suture, nonadherence and elasticity are special properties which well may be 
added to the basic criteria of a dural substitute: inertness in tissue, nontoxic- 
ity and nonresorbability. No material up to the present has fulfilled satis- 
factorily all these criteria. 

When polythene film became commercially available in quantity and 
appeared to possess the requisite physical properties for an artificial dura, 
experimental and clinical tests were instituted to determine its suitability; 
our initial results have been promising and the purpose of this preliminary 
report is to introduce the material and to stimulate further investigation in 
other neurosurgical clinics. 

Polyethylene* (polythene, med-o-seal) is a synthetic, thermoplastic 
resin produced by polymerizing ethylene under conditions of high pressure 

* The tubing and film employed in these experiments were furnished through the courtesy of the 


Irvington Varnish and Insulator Company, Irvington, New Jersey and the Visking Corporation, Terre 
Haute, Indiana, respectively. 
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and elevated temperature. The simplest chain polymer that can exist is 
formed: a belt of carbon atoms, each one carrying 2 atoms of hydrogen to an 
approximate molecular weight of 18,000. The plastic is remarkable by virtue 
of its extreme chemical inertness; it is unaffected at room temperature by 
concentrated acid or alkali, is insoluble in tissue fluids and is strongly resist- 
ant to moisture and oxidation. The film employed in this study is a waxy 
white, translucent material, tasteless and odorless, 0.002 inch (0.05 mm.) in 
thickness. The detailed physical properties of the film will be presented in a 
subsequent communication, but it may be mentioned that they fulfill the 
criteria just outlined. Polythene will tolerate boiling but not autoclaving; 
however it has been most convenient to sterilize the material without heat by 
a soap and water wash, immersion in a 1:1,000 solution of merthiolate for 
30 minutes and a thorough rinse in physiologic saline solution. 

Ten animals (8 dogs and 2 monkeys) were employed in the laboratory 
study. All operations were done with sterile technic and the animals were 
under anesthesia. In 7 animals large osteoplastic bone flaps were fashioned 
and a comparable area of dura was excised and replaced with polythene film; 
in 2 of these animals the underlying cortex was lacerated to produce specific 
neurologic defects. In the remaining 3 animals polythene tubes were inserted 
into the lateral ventricle to form an artificial communication between this 
‘vavity and the subarachnoid space. Four of the 10 animals have been re- 
examined and the remainder have been under observation for periods ranging 
up to 6 months; wound inealing has been normal in all instances and there 
have been no deleterious effects attributed to the film. In the 2 cases in 
which the cortex was lacerated functional recovery proceeded at the expected 
rate. Two of the ventriculostomy tubes have been re-examined and found to 
be patent and unchanged in appearance. Gross and histologic examinations 
up to the present time indicate that the only reaction to the film is the for- 
mation of a thin, nonadherent, subdural neomembrane. This neomembrane 
readily peels off the underlying pia-arachnoid and the latter shows no reac- 
tive thickening on microscopic study. There is no evidence of serous effusion, 
nor have foreign body giant cells been identified in the sections. While this 
work was in progress, Ingraham, Alexander and Matson,! in a review of 
plastics, referred to their unpublished studies in which polythene tubing was 
buried in the cerebral hemispheres of animals; they described the formation 
of a thin, fibrous neomembrane about the tubes with no evidence of irrita- 
tive effects. Apart from this work no reference to the use of polythene in 
experimental neurosurgery exists to our knowledge. 

After completion of the observations on animals a tentative clinical study 
of the film was carried out on 12 patients. In 6 of these patients there was 
extensive neoplastic invasion of the dura necessitating its sacrifice and re- 
placement; 5 of the patients had large meningiomas and the 6th a fibrosar- 
coma involving brain, dura, bone and temporal muscle. The remaining 6 
patients afford an indication of some of the other uses of polythene film: (1) 
to repair the dural defect in cerebrospinal rhinorrhea; (2) as a covering for 
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the anterior burr hole in transfrontal craniotomy; (3) to cover the cerebral 
cortex beneath the bone button removed to carry out a prefrontal lobotomy, 
and (4) to prevent damage to the intima in ligature of the internal carotid 
artery in the neck for intracranial aneurysm. Eleven of the 12 patients had 
uneventful wound healing; in the remaining case the film was used to cover 
the anterior burr hole resulting from transfrontal craniotomy and a 
localized osteomyelitis subsequently developed, requiring sacrifi¢e of a por- 
tion of the bone flap. The film was removed in this case although it was the 
opinion of the surgeon that infection was responsible for the drainage. 


SUMMARY 


A preliminary report on the use of polythene film as a dural substitute 
has been presented. Experimental and clinical evidence up to the present 
time indicates that the material fulfills the criteria of an adequate dural sub- 
stitute. The results suggest that polythene film and tubing may have wide- 
spread future applications in neurologic surgery. 
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(Received for publication July 11, 1947) 


NVESTIGATION of cerebral lesions following arrest of the cephalic circula- 

tion’ revealed a very striking picture which included the following: 

a) Swollen cells—cells that are enlarged, may contain vacuoles, and whose 
staining properties have been altered. Some have enlarged nuclei surrounded 
by an edematous zone. 

b) Perineuronal and generalized edema. 

c) Dilated blood vessels; enlarged perivascular spaces and marked peri- 
vascular edema. 

d) Marked changes in the blood vessel walls. 

e) Cellular lesions appeared in many subcortical areas to be restricted to 
anatomic units (nuclei). 

This combined picture of edema and changes in cell and vessel mem- 
branes with highly localized destruction, suggested two possible mechanisms 
of injury: (a) disturbance of the blood-brain barrier with permeability 
changes and shifts in electrolyte balance; and (b) possible interference with 
local enzyme systems primarily involving one or more of the intermediary 
steps in carbohydrate metabolism. 

These two mechanisms immediately focused attention on the possibility 
that the adrenal cortex might play a role of major importance in the protec- 
tion of the central nervous system from such damage, inasmuch as various 
fractions of the adrenal cortical hormone are known to influence both 
electrolyte balance and carbohydrate metabolism. 

However, before attempting to test this hypothetical hormonal activity 
under the severe conditions of complete circulatory arrest, it was necessary 
to obtain some base-line of an adrenal cortical effect on the central nervous 
system in normal and less severely injured cases, as well as to determine 
whether or not the hormonal action would be reflected in activity of the 
brain as measured by the electroencephalograph. The use of exposure edema 
to produce a relatively mild form of injury was suggested by the report of 
Prados, Strowger and Feindel’? who showed that after trephination and re- 

* Aided by a grant from the Fluid Research Funds, Yale University School of Medicine. 

Presented at the XVIIth International Physiological Congress, Oxford, England, July 22-25, 1947. 


+ Now at Eldridge Reeves Johnson Foundation for Medical Physics, University of Pennsylvania, 
Philadelphia, Pennsylvania. 
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flection of the dura, exposure to air resulted in an acute reaction character- 
ized as being one of edema due to a primary alteration in the integrity of the 
circulation with secondary cellular alterations. Adrenal cortical hormone was 
shown to prevent many of these changes. We have extended these observa- 
tions and included a study of the effects of adrenal cortical substances on the 
uninjured brain. 


METHODS AND MATERIALS 

‘Two groups of experiments were performed. The first group was designed 
to test the possible influence of adrenal hormones on relatively mild injury 
injury in the form of exposure edema. Three criteria were used as indices of 
the anatomic and functional status of the brain tissue:—(a) the electroen- 
cephalogram as a measure or correlate of function; (b) reaction to injection 
of 1 per cent trypan blue as an indication of integrity of the blood-brain bar- 
rier, and (c) microscopic sections for changes in morphology. 

The second group of experiments was set up to determine the effect of the 
adrenal substances on the electroencephalogram of the intact, unoperated 
control animal. A variety of species were used—cats, rabbits, rats, and man 
(in two experiments). The procedure was carried out on unanesthetized and 
curarized animals, as well as on animals anesthetized with pentobarbital 
sodium, urethane-ether, chloralose, “evipal” and “dial.” Each experiment 
was carried out in duplicate, except for the titration experiments which were 
carried out on 6 cats. 

The electroencephalogram was recorded in the usual way, employing a 
standard 3-channel ink-writing oscillograph with differential amplifiers. The 
scalp was incised and the temporal muscles were reflected. Phonograph 
needle electrodes were driven into the skull following induction of anesthesia 
with intraperitoneal sodium pentobarbital (“nembutal,” Abbott; 35 mg. 
/kg.). A pair of cats was used in each experiment of the exposure edema 
series; one received adrenal cortical hormone, while the other served as a 
control. Both animals were prepared by making a skull defect, measuring 1.3 
em. X 2.0 em., in one hemisphere, located in the midparietal region. The dura 
was reflected and the brain exposed to air. In some cases a strong lamplight 
was focused on the head, both to increase drying of the brain and to keep the 
animal warm over a long period of time. Aqueous adrenal cortical extracts 
were administered intramuscularly 1 hour before, immediately following, and 
3 hours after exposure of the brain. At the time of exposure, 10 cc./kg. of 1 
per cent trypan blue were injected into the saphenous vein. This was re- 
peated at the time of sacrifice, usually 12 or 24 hours after exposure. Death 
was induced by intrathoracic injection of chloroform, following which the 
brains were removed and examined grossly and microscopically (with 
thionin stain). 

OBSERVATIONS 


Fig. 1 shows the results obtained in control and adrenal treated animals 
following brain exposure. The preoperative record in the injected animal 
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demonstrates markedly greater amplitude and faster frequency than in the 
control, these being consequent to an intramuscular injection of total extract 
1 hour before exposure. It is to be seen that in the untreated animal, com- 
plete flattening of the brain waves has appeared 3 hours following operation; 
even 24 hours later the record is still abnormal. However, no significant 
abnormality can be seen in the electroencephalogram of the adrenal treated 
animal 3 hours after exposure, nor does it show any of the slow frequency seen 
in the control 24 hours later. Both animals received two injections of 10 
ec./kg of 1 per cent trypan blue into the saphenous vein; one 3 hours after 
exposure, and another just prior to removal of the brain for sectioning. (In 
the normal animal, trypan blue fails to stain the central nervous system-——i.e., 


AN EFFECT OF ADRENAL CORTICAL EXTRACT ON BRAIN 
EXPOSURE 


CONTROL ADRENAL CORTICAL TREATED 
PRE- OPERATED 
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does not pass the blood-brain barrier—except for the tuber cinereum and 
region of the chiasm, the pituitary, the choroid plexuses and the area post- 
rema.) On gross examination, the brain of the untreated animal showed 
marked blue staining extending into the white matter at the area of exposure. 
The adrenal treated brains showed no staining in some cases; in others a 
much less extensive area of faint staining was evident. In some cases, the 
staining reaction was somewhat equivocal, but in no case did the staining in 
the treated animals approach the intensity observed in the controls. Two 
associated points are to be noted. First, during the course of the experi- 
ments, gross edema was observed only in the controls, evidenced by bulging 
of the brain substance through the trephine hole in the calvarium, accom- 
panied by disappearance of the brain pulsations. Secondly, examination of 
thionin stained sections revealed the presence of marked intra- and intercel- 
ular edema in the controls; a pathologic picture that was absent following 
injection of the adrenal cortical extract. 

It was pointed out that in the preoperative post-injection record (Fig. 1) 
of the treated animal, marked changes could be observed in contrast to the 
preoperative tracing in the control. The observation that the hormone 
appeared to influence the electrical activity of the brain in the unoperated, 
intact animalattracted immediate attention. Consequently, theelectroenceph- 
alogram of a normal animal was recorded following pentobarbital an- 
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esthesia. Fig. 2 shows the normal record obtained from three leads, as well as 
the changes following intramuscular injection of 2 ce./kg. of aqueous adrenal 
cortical extract. Twenty-one minutes after the injection, marked changes in 
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amplitude are obvious; the increase in voltage is carried still further 32 and 
50 minutes post-injection. This procedure was carried out in a series of 
animals in all of which similar changes in amplitude and frequency were 
observed. 


However, there remained the possibility that these effects were in some 
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way related to the anesthesia—in other words, that there might be some com- 
bined action of the hormone with pentobarbital. For this reason, both lipo- 
adrenal cortical hormone (Upjohn) and aqueous adrenal cortical hormone 
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were injected intramuscularly and intravenously in the unanesthetized 
animal (Fig. 5) and man (Fig. 6), as well as in the curarized animal (Fig. 4), 
and in animals anesthetized with urethane-ether (Fig. 3), “evipal,’’ chlora- 
lose, and “dial.” The results already obtained were confirmed by these ex- 
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periments. In man only one experiment has been carried out thus far, in 
which incipient changes in amplitude and frequency (of the same nature as 
those seen in the experimental animals) appeared consequent to the intra- 
venous injection of 0.5 ce./kg. of aqueous adrenal cortical extract. The 
changes, in both animals and man, appeared 5-10 minutes after intravenous 
injection, and 20-30 minutes after intramuscular injection. The minimal 
effective dose and time of latency of the recorded reaction remained to be 
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determined. This was done by the intravenous injection of 0.25 ee./kg. doses 
at 8 minute intervals (Fig. 7). 

With this procedure, it was observed that definite changes appeared in 
the electroencephalogram 8 minutes after a total of 0.5 cc./kg. had been 
injected. These changes progressed following doses up to 1-2 cec./kg., at 
which point an asymptote was reached. No further increase in amplitude or 
frequency could be produced with greater amounts of the hormone. In ex- 
tremely large doses the bursts of marked activity in the electroencephalo- 
gram alternate with periods of depression. In one animal which was given up 
to approximately 20 cc./kg. of the hormone, the bursts of enhanced voltage 
still appeared at intervals. 

The question arose as to whether or not individual fractions of the total 
cortical hormone could produce or were producing the observed reaction. 
The first attempt to answer this question was the injection of desoxycorti- 
costerone acetate, the results of which are shown in Fig. 8. It appears that the 
DCA produces the same type of increase in amplitude as that brought about 
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by the total adrenal hormone itself, but the frequency changes are appar- 
ently not of a like nature. If anything, the enhanced amplitude following 
DCA was accompanied by slow frequency in contrast to the fast frequencies 
seen after injection of total extract. Further experiments with DCA and 
other similar compounds remain to be performed. 


DISCUSSION 

In the light of our knowledge at the present time, there can be little 

question of the validity of the thesis that the adrenal glands profoundly in- 
fluence resistance and defense mechanisms of the body. There is an ever 
increasing mass of clinical and experimental data serving to point out and 
attempting to explain changes in the adrenal cortex following poisons and 
infections and in conditions of stress or shock, as well as the role of the 
cortical hormones in the formation of antibodies and other physiological 
events. Evidence has been obtained demonstrating that the adrenal cortex is 
related to carbohydrate metabolism, to salt and water metabolism, to utili- 
zation of certain of the vitamins, and is intimately concerned with processes 
of tissue respiration. Perla and Marmorston® summarize these relationships 
in the following statement: 
It would seem probable that the mechanism of natural resistance is dependent on the main- 
tenance of normal cellular metabolism and that procedures that impair oxidation and reduc- 
tion processes depress the resistance of the somatic cells to all abnormal stimuli, whether 
marked variations in temperature or poisons, toxins or infectious agents. When the physio- 
logic action of the cortical hormone is better understood, the exact chemical nature of the 
life-prolonging hormone identified, and its relation to oxidation-reduction systems deter- 
mined, a new approach to the problem of the mechanism of natural resistance in the body 
may be available. 

Following this line of reasoning, we instituted a course of injections of 
adrenal cortical hormone in a case of post-traumatic concussion syndrome in 
man (about one month after injury). The results have indicated that further 
clinical and experimental investigations of this problem should be carried 
out. Using a minimum dose of 20 ec. of aqueous extract per day (from our 
findings we now suggest a level of at least 0.5 ec./kilo/day) it was noted that 
by the third day of this therapy the incessant headache had disappeared. An 
electroencephalogram taken 2 weeks after treatment was begun, showed no 
abnormality whutsoever—-the slowing and irregularity seen 1 month before 
was no longer in evidence. The patient has been followed up to the pres- 
ent time and has shown no recurrence of any of the symptoms. Other prob- 
lems relative to these findings will be discussed below. An indication of 
confirmation of these results is suggested in the report of Aird' who states: 

Neurophysiological studies on cerebral concussion have demonstrated that the permeabil- 
ity of the blood-brain barrier is increased after concussion and that this effect persists ... in 
apparent association with the post-concussional dysrhythmia observed electroencephalo- 
graphically. ... When measures were taken to decrease the permeability of the blood-brain 
barrier. .., these effects ...could be prevented in large part... . Preliminary clinical 
studies, which are at present under way, suggest that adrenal cortical extracts . . 


. may have 
some beneficial effects on the post-concussional state. 
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It is possible that this patient’s electroencephalogram would have re- 
covered in any case, but the findings would suggest that further work of this 
nature is indicated. 

We are primarily interested in the way in which these mechanisms can be 
related to the central nervous system. In earlier days, when little or no 
definite knowledge was available relative to the action of the adrenal glands, 
it was suggested that they played a major role in epilepsy and subtotal 
adrenalectomies were performed in such cases. It was observed that in some 
instances the seizures diminished and the associated lymphocytosis and 
eosinophilia disappeared. It is now known that hydration can precipitate 
an epileptic crisis, and that restriction of the water intake or enforced 
diuresis are anticonvulsive. Surgical removal of the adrenal, therefore, had 
probably produced a negative NaCl balance and a significant degree of de- 
hydration. 

In Addison’s disease patients tend to show symptoms of insomnia, 
restlessness, abnormal sensory reactions, apathy, anxiety, fatigability and 
general ineffectiveness—-a picture described as subacute adrenal deficiency. 
These symptoms may precede or occasionally overshadow other clinical 
symptoms or biochemical findings to such an extent that the patient is sent 
to a psychiatric service. Improvements in vision, insomnia, fatigue and 
tremor occur with adequate adrenal cortical extract therapy. Engel and 
Romano? reported abnormal electroencephalograms in Addison’s disease 
during all stages of therapy. The records were most abnormal during the 
crisis, showing marked slowing with an average frequency of about 7 per 
second. With adequate adrenal cortical treatment (100 cc. over 5 days) the 
electroencephalogram returned to normal, showing an average frequency of 
9-10 per second. Other reports of the ineffectiveness of cortical extract in 
such cases appear to have been due to low, inadequate dosage. 

Engel and Romano also found that desoxycorticosterone acetate would 
only partially restore the electroencephalogram. From our findings thus far 
it seems that desoxycorticosterone has more effect on amplitude than on 
frequency. It may be that both electrolyte balance and carbohydrate 
metabolism must be affected in order to produce the complete result. Later 
experiments may afford the answer to this question. 

A further point of interest relative to the picture produced by Addison’s 
disease, is the increased susceptibility and sensitivity to drugs. The patient 
is unusually sensitive to narcotics such as morphine and codeine, and to 
sedatives, including paraldehyde, bromides and barbiturates. Coma and 
respiratory failure may follow administration of usual therapeutic doses of 
these compounds. Restoration of adrenal cortical levels overcomes this 
susceptibility to central nervous system depressant drugs. 

In bilaterally adrenalectomized rats as in the Addisonian patient, there 
is fatigue and a disinclination for exercise. The animals lose interest in their 
surroundings, and at times may become almost comatose. In some cases 
they become easily irritated or disoriented. The reflexes of these animals 
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are more easily fatigued than the normal. The resistance to the reflex 
fatigue may be increased as much as sixfold following adrenal cortical 
administration (Hartman, Beck and Thorn‘). Furthermore, Liddell’ has 
observed that adrenal cortical extract exerted a marked ameliorative in- 
fluence on the manifestations of “‘experimental neurosis” in sheep. 

It appears then, that adrenal cortical extract exerts a profound effect 
on the central nervous system, which is reflected to some extent, at least, 
in the activity of the brain as measured by the electroencephalograph. Part 
of this influence may be transmitted through a metabolic mechanism, but 
unquestionably a large part is manifested as a control or regulation or 
preservation of the blood-brain barrier and its permeability. Our experi- 
ments with the hormone in cases of exposure edema have definitely con- 
firmed those of Prados, Strowger and Feindel who first reported the effi- 
ciency of these glandular preparations in preventing leakage of trypan 
blue through capillary walls after exposure. They observed that, “... asa 
result of exposure the capillary endothelium becomes more permeable. This 
allows not only an increased outflow of fluid into the interstitial spaces, but 
the leakage of substances which in normal conditions are not permeable to 
the so-called blood-brain barrier.”” There is considerable evidence in the 
literature that adrenal hormones influence capillary permeability,’ and 
that the capillaries of the adrenalectomized animal are dilated and ab- 
normally permeable. The edema which can follow such abnormality, and 
which has been seen after arrest of cephalic circulation, concussion, ex- 
posure, etc., should, therefore, be affected by adrenal extracts. Our experi- 
ments would suggest that such, in fact, is the case. 

It is possible that the electroencephalographic findings may also be of 
value in relation to the problem of the origin of the electroencephalogram 
itself. The present observations, plus results of experiments in progress, 
should lead to at least one more correlate of nervous system activity and 
its reflection in the electroencephalogram. If adrenal hormones cause 
neurones to fire in some specific way, there should be the possibility at hand 
of localizing some of the basic physiological factors underlying electro- 
encephalographic activity. 


SUMMARY AND CONCLUSION 

Evidence has been obtained of the passage of adrenal cortical extract 
across the blood-brain barrier. Adequate doses of adrenal cortical extracts 
have been shown to protect the cerebral cortex against structural and 
functional abnormalities elicited by exposure. In addition, these hormones 
have produced marked changes in the electroencephalographic picture of 
normal animals, and indication of their effectiveness in overcoming symp- 
toms of the post-concussional state has been obtained. 

It is felt that the results have important physiological and clinical im- 
plications. 
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THE USE OF GELATIN SPONGE IN PREVENTION 
AND TREATMENT OF CEREBROSPINAL 
RHINORRHEA 


RALPH B. CLOWARD, M.D.,* ann E. BEARDEN CUNNINGHAM, M.D.* 


Honolulu, Hawaii 
(Received for publication July 16, 1947) 


ROBABLY one of the most dangerous and distressing complications of 

fractures or operations on the frontal bones of the skull is the de- 

velopment of cerebrospinal rhinorrhea. The resultant fistula through 
the cribriform plate, frontal or ethmoid sinuses and, more recently de- 
scribed, through the eustachian tube’ with direct communication between 
the nasal and intracranial cavities, opens a direct pathway for infection, 
and meningitis is the inevitable result. Before the days of chemotherapy 
the mortality of this complication was very high. The mortality rate of un- 
treated cases has been given as 39 per cent and Lawson!" stated, ‘These 
traumatic cases are always fatal in course of time from a secondary menin- 
gitis, unless the leakage is arrested by virtue of a healing process or by 
operative interference.” The surgical attack on the problem required 
courage and skill, for the operative mortality in the best hands has been 
given as 30 per cent. This high death rate was due to sepsis. But, according 
to Gissane and Rank? “This mortality rate could be reduced if an effective 
method of occlusion of the fistula could be established by using a technique 
requiring no buried suture material, and a graft of high viability to cover 
the bone defect.” 

Numerous operative methods and techniques to occlude the fistula have 
been described. Either the defect in the bone or the dura was closed 
usually the latter. Closure of both was unnecessary. Dandy* claimed the 
first successful closure (1926) using an autogenous fascia lata graft. Rand" 
(1930) and Cairns? (1937) also used fascia lata. Learmonth" deseribed turn- 
ing a flap over the forehead, elevating the frontal lobe, inserting several 
packs soaked in iodine between the dura and cribriform plate, and removing 
these singly at intervals of several days! Trotter, cited by Lawson," used 
temporal fascia or pericranial fascia. These free grafts were sutured in 
place, presumably with silk. 

Gissane and Rank’ employed an osteoperiosteal transplant from the 
tibia, placing it over the defect in the skull without sutures. Stuck and 
Weatherby" used fascia lata in the same manner without sutures. Echols and 
Holeombe! cauterized the fistula and plugged it with muscle. Graham* and 
Adson! used Horsley’s bone wax to obliterate the bone defect. More recently 
German® and Gurdjian and Webster’ described a method of turning down 


* 388 Alexander Young Building, Honolulu 9, Hawaii. 
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an oval dural flap from the falx and suturing it over the defect to close the 
fistula. 

The pioneering work of Ingraham and Bailey’® in developing fibrin foam 
for hemostasis in neurosurgery was hailed with enthusiasm. These authors 
demonstrated the use of fibrin films in repair of dural defects and in pre- 
vention of meningocerebral adhesions. The experimental work of Light and 
Prentice’ demonstrated the efficiency of the gelatin sponge, dipped in 
topical bovine thrombin, as a hemostatic agent to arrest bleeding from 
lacerations of dura, brain and sagittal sinuses with minimal tissue reaction. 

Pilcher and Meacham" and Naffziger and Boldrey! showed that the 
advantages of thrombin-soaked gelatin sponges are: ready hemostasis, 
adherence to the bleeding surface and lack of tissue reaction. 

We have recently treated 3 patients by this method. In 2 cases, a 
rhinorrhea was prevented. In one, a neoplasm, and in the other, an ex- 
tensive depressed skull fracture, resulted in a large bony defect in the floor 
of the frontal fossa of the skull communicating with the nasal cavity. They 
were both closed by placing a loose piece of tantalum over the bony defect 
and covering it with strips of gel foam. The dura at the periphery of the 
defect was scarified to produce a bleeding surface. The gelatin became 
rapidly adherent. In the third case, in which there was a spontaneous 
rhinorrhea of 4 months’ duration due to a congenital defect in the cribriform 
plate, the defect was covered with gel foam after the oval dural flap (after 
the method of German) was found too small to cover the opening. The 
patient was cured. 

Case 1. M. M., Queen’s Hospital #208,691. A Caucasian female, aged 44, entered the 
hospital on Nov. 4, 1946 because of severe headaches. She had been in bed for 5 weeks because 
of their severity. She gave a history of having had severe attacks of right frontal headaches 
for 10 years, associated with a chronic postnasal discharge. She had received considerable 
treatment for sinusitis and migraine. In a severe attack of headache 1 year before she had lost 
her sense of smell and since that time had been unable to recognize odors with either nostril. 

The neurological examination disclosed a complete anosmia. The visual fields were full; 
the fundi appeared normal. The margins of the optic discs were slightly blurred but not ele- 
vated. The other cranial nerves were normal. She insisted that the left half of her body was 
less sensitive to pin and cotton, and the tendon reflexes were found much more active in the 
left extremities. 

A lumbar puncture disclosed normal fluid except a high total protein, 103 mgm. per cent. 
A pneumoencephalogram was done. The x-rays demonstrated a good filling of the entire 
ventricular system which appeared normal. The lateral ventricles were small in size, sym- 
metrical, in the midline and not distorted. The roentgenologist, Dr. L. L. Buzaid, however, 
described a demineralization and depression of the olfactory groove and adjacent ethmoid 
cells. A tentative diagnosis of an olfactory groove meningioma was made and an exploratory 
craniotomy recommended. 

Operation. Under local anesthesia on Nov. 6, 1946, a right frontal bone flap was elevated, 
the dura opened and upon elevating the frontal lobe a large, hard meningioma of the olfactory 
groove was encountered. It was found to extend about 6 to 7 cm. in its transverse and antero- 
posterior diameter and 4 cm. vertically. After removing the tip of the right frontal lobe and 
splitting the falx, the tumor was removed piecemeal with the electric loop. One large artery 
was cut with the loop, resulting in furious bleeding. It was later identified as the right anterior 
cerebral artery. The bleeding was arrested by a silver clip and with gelatin-thrombin packs. 
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The tumor had grown posteriorly, completely surrounding the optic chiasm which was 
markedly compressed, and extending into the sella turcica. When all tumor tissue had been 
removed including the dural attachment, the cribriform plate appeared somewhat elevated. 
It was tapped with a chisel and found to be paper-thin. Upon removing it, the neoplasm was 
encountered beneath, having extended through the cribriform plate into the nasal cavity, and 
a globular mass, 1X1} cm., was lifted out in one piece. The total tumor tissue removed 
weighed 273 gm. 

We now had a hole in the posterior part of the cribriform plate as large as a quarter 
through which we could look down into the nasal cavity and see all the turbinates covered 
with “infected” mucus! The lethal hazard to the patient’s life which this situation presented 
was immediately obvious. The huge defect in the dura which could be impossible to patch, 





Fic. 1. Case 1. Roentgenograms after removal of large olfactory groove meningioma which had ex- 
tended into the nasal cavity through the cribriform plate. Bony defect in posterior part of anterior fossa 
is incompletely covered with tantalum, and sealed water-tight with gelatin sponge. (The small pieces of 
tantalum over the frontal bone are used to level the trephine holes on exposed area of face.) 


the large area of raw, ragged exposed brain, and the basal cisternae all open 
fatal infection seemed tantamount with the patient’s first sneeze. 

A small plate of tantalum was cut to fit the defect in the bone, but an attempt to drive it 
level into the hole was unsuccessful because of its extreme posterior position (Fig. 1). 

The entire area of bone (and tantalum) denuded of dura was covered with long strips of 
gel foam soaked in thrombin, and about 10 ce. of thrombin were poured into the wound. The 
dural flap was closed, the bone flap was wired and the trephine holes in the exposed area of the 
forehead were covered with small tantalum scraps. 

The postoperative course, much to our amazement, was smooth and uneventful. She was 
watched closely to prevent her from sneezing or blowing her nose. She received penicillin, 1.5 
million units daily for 10 days. At no time did the temperature rise above 100°F. No signs 
of meningitis developed and not a drop of spinal fluid ran from her nose. She was walking 
about the ward on her 8th postoperative day. She was kept in the hospital for 30 days for fear 
of complications, but none developed. It is now 6 months postoperative and except for the 
personality changes from injury to her frontal lobes, she is symptom free. 


a fulminating, 


Case 2. Within a few days after the above patient was operated upon, F. E., Queen’s 
Hospital #209,352, a Caucasian male aged 61, was admitted as an emergency, having fallen 
from a height of 30 feet. He had struck his right forehead on a protruding ledge in the fall. 
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On admission he was conscious and rational. There was a contusion-laceration over the 
right eyebrow through which could be palpated a wide fracture of the supraorbital ridge. 
There was bleeding from the right nostril, and upon cleaning it, large quantities of sero- 
sanguinous fluid and some white brain tissue were recovered. 

X-rays (Fig. 2) revealed an extensive fracture of the roof of the orbit depressed upward 
into the frontal fossa. There was also a compression fracture of the 3rd lumbar vertebra. 

Operation. A low right frontal bone flap was elevated and the dura opened. The fractured 
bone fragments had lacerated the dura and inferior surface of the right frontal lobe over a 





Fig. 2. Case 2. Roentgenogram showing the extensive buckling of the roof of right orbit. 


wide area. When all loose bone fragments had been removed, the cribriform plate and several 
ethmoid cells as well as the frontal sinus had been opened into and direct communication with 
the nasal cavity was visible. After a thorough debridement of the brain and ragged dura, the 
latter was partially closed with a periosteal patch. A piece of tantalum was placed loosely 
over the roof of the orbit and covered with strips of gel foam. The wound was closed without 
drains. The patient was placed on penicillin for 1 week. Fig. 3 shows postoperative x-rays. 

Slight sero-sanguinous drainage was noticed from the nose on the day following surgery, 
but had stopped by evening. No evidence of infection or cerebrospinal rhinorrhea had de- 
veloped by the 15th postoperative day, when the patient died. On Dec. 2, 1946 the blood 
pressure suddenly fell to shock levels, pulse became weak and thready and he became very 
cyanotic and expired. At autopsy the cause of the death was found to be a massive infarct of 
the heart from an arteriosclerotic thrombosis of the anterior descending branch of the 
coronary artery. 
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Inspection of the intracranial operation was interesting. The strips of gel foam were 
unrecognizable. Blood and serum had apparently soaked through the sponges, uniting with 
the thrombin to form a hemogenous solid sticky film, 2 to 3 mm. in thickness, which was 


literally glued to the floor of the skull, tantalum plate, and surrounding dura, forming a 
water-tight seal. 


It was easy to see why the first patient with a wide open hole in her 
nose had leaked no cerebrospinal fluid. The prevention of a rhinorrhea and a 
possible fatal intracranial infection, we believe could not have been ac- 
complished in any other manner in these 2 cases except by the use of the 





Fia. 3. Case 2. Postoperative roentgenograms showing loose tantalum plate covering extensive defect 
in floor of frontal fossa of skull after removal of fractured bone. Gelatin placed over the plate prevented 
cerebrospinal rhinorrhea. 


gelatin sponge or some similar substance to occlude the cranio-nasal open- 
ing. 


Case 3. L. L., Queen’s Hospital $206,180, a 27-year-old part Hawaiian woman, secretary 
to the Medical Director, noticed a serous discharge from the left nostril in April 1946. This 
increased in amount until June, when 10 to 15 ce. of fluid could be collected at one time. 

The fluid reduced Fehling’s solution which identified it as cerebrospinal fluid rather 
than nasal secretions. Craniotomy and closure of the fistula was advised but ignored. 

On Aug. 13, 1946 the patient was admitted to the hospital, semi-conscious and very 
restless. She had had severe headaches, backache, nausea, and pain on moving her eyes and 
neck, of 4 hours’ duration. Admission temperature of 102.6 F. promptly rose to 105.2 F. 
White blood count was 28,400 with 96 per cent polymorphonuclear leucocytes. The clinical 
diagnosis of acute purulent leptomeningitis of nasal origin was verified by lumbar puncture. 
Alfa streptococci were cultured from both blood and spinal fluid. Large doses of penicillin, 
intramuscular and intravenous, were given with sulfadiazine by mouth. The temperature 
returned gradually to normal in 6 days, and she was discharged, 5 days later, recovered. 

Following the meningitis the drainage of spinal fluid from her nose ceased, and her nose 
was dry for 4 months. Then on Jan. 15, 1947 the drainage recurred and within 2 weeks it was 
copious in amount, accompanied by headaches. 
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Operation. She was admitted to the hospital for surgery on Jan. 30, 1947. X-rays of the 
skull showed no intracranial air. A low, unilateral (left) frontal bone flap was elevated 
through a ‘‘concealed” scalp incision and the dura opened. A lumbar puncture needle had 
previously been inserted into the lumbar canal. (‘The patient was lying on a mattress used for 
continuous spinal anesthesia.) By removing the stylette and allowing all spinal fluid to drain 
out, the frontal lobe fell back exposing the entire cribriform plate, making retraction of the 
brain unnecessary. After removing the olfactory bulb no single defect in the dura could be 
seen; the openings of the olfactory nerves appeared somewhat larger than normal. A dural 
flap was turned down from the falx and sutured with fine tantalum wire. The flap was found 
too small to completely cover the cribriform plate and when sutured was not water-tight. 
The entire area was then covered with gel foam strips. The wound healed per primum. There 
was no postoperative elevation of temperature or rhinorrhea. The patient was discharged and 
returned to her work as a stenographer 7 days after the operation. There has been no recur- 
rence of the rhinorrhea to date, 7 months postoperative. 


This case demonstrates the serious complication, meningitis, which in- 
variably occurs when an open fistula between the nose and intracranial 
‘avity exists. It also demonstrates the fact that if these lesions are treated 
surgically immediately, when first recognized, such complications can be 
averted. And finally an efficient agent to cover the fistula, intracranially, 
with confidence and assurance that it will be and remain water-tight, is the 
gelatin sponge soaked in thrombin. 


SUMMARY AND CONCLUSIONS 


1. In the prevention and treatment of cerebrospinal rhinorrhea ‘“‘the 
ideal surgical treatment should include the use of a graft which has a high 
degree of viability and which does not require the use of buried sutures.””* 

2. We believe this ideal graft is the gelatin sponge (gel foam). 

3. Two cases are described in which a fatal intracranial infection 
through a cranio-nasal opening was prevented and one case in which a 
chronic cerebrospinal rhinorrhea was arrested by the use of the gelatin 
sponge to seal the dural-bone defect and close the fistula. 
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A REPORT OF THE EARLY RESULTS IN 
TANTALUM CRANIOPLASTY 
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Veterans Administration Hospital, Dearborn, Michigan 
(Received for publication July 21, 1947) 


XPERIENCE gained in World War II has shown that the use of tanta- 

lum for cranioplasty has appeared to be satisfactory. This material, 

used extensively for the repair of cranial defects, has the advantages 
of simplicity of insertion and inertness in the tissue. 

There have been few reports concerning the fate of the material following 
insertion. Woodhall and Cramer‘ in 1945, reported 2 cases of extradural 
pneumatocele following tantalum cranioplasty due to a fistula between the 
frontal sinus and the thin connective tissues enclosing the plate. Repair of 
the fistula and replacement of the tantalum plate effected a good result. It 
is the purpose of this report to record the results of a survey of Veterans 
Administration Hospitals concerning their experience with tantalum 
cranioplasties; to point out several indications for the removal of tantalum 
plates; and to present several cases illustrating this necessity. 

MATERIAL 

Since the majority of tantalum cranioplasties were performed to repair 
the skull defects resulting from war injuries, it is probable that patients 
with complications of cranioplasty have and will have eventually gravi- 
tated to Veterans Hospitals for treatment. In April, 1947, a survey was 
made by questionnaire of the Veterans Hospitals in the United States. A 
total of 115 replies were received. Of this group, 22 reported experiences 
with complications of tantalum cranioplasties. A summary of the 22 reports 
indicated that a total of 49 tantalum plates were removed. In an additional 
7 cases, associated abscesses or collections of exudate under the scalp were 
treated conservatively by aspiration or drainage, and removal of the plate 
was not required. The factor common to practically every case in which the 
plate was removed was the presence of persistent infection, associated in 
some cases with a recognizable osteomyelitis involving the bone edge. In 10 
of 12 cases where the time interval was reported, the infection was a de- 
layed reaction occurring from 4 to 22 months after the insertion of the 
plate. 

Three additional plates have been removed at the Veterans Hospital at 
Dearborn, Michigan, and brief reviews of these cases accompany Figs. 1, 2 
and 3. Of a total of the 52 plates removed, 26 or 50 per cent, had been in- 
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~ 


serted in the frontal area of the skull. In 18 of these 26 cases, or 35 per cent 
of the total, the cranial defect involved the frontal sinuses. 


DISCUSSION 
The use of tantalum for the repair of cranial defects appears to be a 
notable advance in the field of neurosurgery. Burke,' in 1940, pointed out 
the desirable properties of tensile strength, malleability and inertness in- 
herent in the element tantalum. The investigative work of Pudenz’ (1943) 





Fic. 1. V. C., aged 22, developed an acute left frontal sinusitis in July, 1944, complicated by osteo- 
myelitis of frontal bone necessitating removal of bone in December, 1944. A tantalum cranioplasty was 
done in November, 1945. In April, 1946, purulent drainage from sinus at left supraorbital ridge occurred 
with resulting exposure of the tantalum plate. Conservative methods toward maintaining cranioplasty 


failed. The plate was removed in October, 1946. A remarkable regeneration of the frontal bone was ob- 
served, 


verified the minimal reaction of the meninges and brain to this element. 
Fulcher,’ in 1943, reported the use of tantalum for the repair of skull defects. 
Following this report many hundreds of such cranioplasties were performed. 
Since less than 100 plates have been removed in a total of 115 hospitals, the 
early success of this material is evident.” Approximately one-third of the 
plates that were removed communicated with the frontal sinus. In 2 of our 
patients such communication was present. The possibility of infection 
following the insertion of plates in this region suggests that the use of an 
osteoperiosteal transplant may be to greater advantage in the repair of a 
defect in this area. 

‘ailure could also be ascribed to the fact that the blood supply to the 
scalp overlying a large tantalum plate may be poor since the scalp does 
not rest upon underlying living tissue. Trauma to the poorly nourished 
scalp has been noted to favor the development of infection. Occasionally, 
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impingement of the distal edge of an ill-fitting plate against the upper eye- 
lid has resulted in necrosis and subsequent fistula formation requiring re- 
moval of the tantalum. This complication can be obviated by a more 
accurate pre-form molding of the plate and firm tantalum screw fixation. 





Fia. 2. E. G., aged 36, sustained a shell fragment wound of the frontal area of the skull involving the 
frontal sinuses in October, 1944. A tantalum cranioplasty was done in February, 1945. In September, 
1946, the skin of the right supraorbital area necrosed and plate became exposed. Conservative measures 
failed. Plate was removed in February, 1947. 





Fic. 3. R. M., aged 24, sustained a gunshot wound of the left occipital area in November, 1944. A 
tantalum cranioplasty was done in July, 1945. Eleven months later (June, 1946) he experienced a blow 
at the site of the plate followed by abscess beneath scalp several days later. The plate was loose and not 
perforated. Conservative measures failed. Plate was removed in October, 1946. 


In our experience, when infection of the cranioplasty has occurred, con- 
servative measures of aspiration and instillation of penicillin; catheter 
drainage and instillation of penicillin, have always failed. Success by this 
method of treatment has been but temporary. This has also been the ex- 
perience of others. A continuing recurrence of infection has finally required 
plate removal. Following this the wound healed immediately. It is of in- 
terest that bone regeneration was remarkable in 1 instance. In this patient 
the defect was caused by removal of osteomyelitic bone. The regeneration 
of bone was so complete that a secondary cranioplasty was not necessary. 
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SUMMARY 


One hundred and fifteen Veterans Hospitals have reported that a total 
of 49 tantalum plates were removed at these hospitals up until April, 1947. 
Three more cases have been reported and briefly reviewed with several 
observations concerning the complications of tantalum cranioplasty. The 
varly results in tantalum cranioplasty are satisfactory. 
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EXTRADURAL ARACHNOIDAL CYSTS OF 
TRAUMATIC ORIGIN 


HOMER S. SWANSON, M.D., anp EDGAR F. FINCHER, M.D. 
Department of Surgery (Neurological), Emory University, Atlanta, Georgia 


(Received for publication July 23, 1947) 


CQUIRED extradural arachnoidal cysts of the spinal canal have received 
scant attention. Although one occasionally hears reference to this 
complication, a review of the literature reveals only 2 cases, re- 

ported by Hyndman and Gerber.? When one considers the number of dural 
lacerations following trauma or incomplete dural closures following laminec- 
tomy, undoubtedly this pathological entity has presented itself more fre- 
quently than the literature on the subject would indicate. 

In our series of 1700 exploratory laminectomies, acquired extradural 
arachnoidal cysts have been encountered in 4 cases, constituting an in- 
cidence of .068 per cent. In 3 of these, the patients had previously undergone 
lumbar laminectomies for intervertebral disc ruptures, and 1 was related 
to a non-penetrating injury to the lumbar spine. A 5th case was encountered 
in a patient without a specific history of trauma, but in whom symptoms 
began following a severe paroxysm of sneezing in association with hay 
fever, and nerve root symptoms were thereafter seasonal in occurrence with 
ach episode of hay fever. This case was considered to be a congenital type 
of cyst. Because of the paucity of experiences recorded and the clinical 
implications a report of our experiences seems justified. 


Case 1. This 38-year-old crane operator was first seen on Mar. 11, 1944, complaining of 
recurrent attacks of low back pain of 8 years’ duration. One year prior to admission, acute 
and incapacitating low back pain and left leg pain had developed. After 3 months of total 
disability, he was admitted to the hospital and through a left hemi-lumbar laminectomy, a 
ruptured intervertebral dise was removed at the 4th intervertebral space. During the process 
of mobilizing the nerve root, which was adherent to the posterior longitudinal ligament, a tear 
in the dural sleeve was noted near the axilla of the nerve root. The laceration was repaired by 
means of a supposedly water-tight closure with two interrupted silk sutures and a muscle 
stamp was then placed over the suture line. Following this procedure, he was relieved of his 
acute leg pain, but continued to note back pain of a lessened degree. In view of the fact that 
this patient was involved in compensation litigations, some doubt was expressed as to the 
authenticity of his complaints. Because of recurrence of his former leg pain, he was read- 
mitted to the hospital on Mar. 11, 1945 for evaluation. On this occasion, spinal fluid studies 
revealed no evidence of manometric disturbances and the spinal fluid protein was reported as 
41 mgm. per cent. Because of the persistence of his acute leg distress and recalling the dural 
laceration at the former operative procedure, a decision was made to re-explore this patient. 

Operation. On Mar. 3, 1945, the old laminectomy scar was excised and the muscles were 
subperiosteally dissected off the posterior spine of the 4—5th lumbar and the Ist sacral on the 
left side. At the laminal level a large collection of clear fluid was encountered. When the dis- 
section had been completed, this fluid was found to be escaping from an extradural cyst. The 
cyst was fully 33 cm. in length and about 13 em. in diameter and extended from the level of 
the 4th lumbar arch to the rim of the sacrum. Once inside this cyst, a small pin-head opening 
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was seen communicating with the subarachnoid space at the level of the axilla of the 5th 
lumbar root. The lining of the cyst was identical with the normal arachnoid and cerebro- 
spinal fluid was constantly seen to well up into the cyst. A plastic repair of this cyst was carried 
out and the interspace explored for evidences of a recurrent dise lesion, but none was found. 

Postoperative Course. This patient was readmitted to the hospital on May 2, 1945 still 
complaining of moderate leg pain and of numbness in the left leg. Other than for anesthesia 
over the 5th lumbar dermatome and an absent Achilles reflex on the left, together with sub- 
jective pain in the left leg on straight leg raising, there were no findings. An epidural saline 





Fig. 1, Case 2. Left, Anteroposterior view of lipiodol filling extradural cyst. Right, Lateral film to 
demonstrate relationship of extradural cyst and dura. 


injection netted very little relief. The patient subsequently returned to work complaining of 
mild leg pain. 


Case 2. A 56-year-old white male was seen in consultation Aug. 27, 1946. His history re- 
vealed that following a back strain incurred after lifting a heavy object, he had intermit- 
tently experienced low back pain until April, 1944, when, following a second period of trauma, 
left sciatica appeared. He was operated upon at that time, a lumbar laminectomy being per- 
formed and a herniated dise reportedly removed at the lumbosacral level. Postoperatively, 
he was relieved of his acute sciatica but continued to complain of constant low back pain. 
Because of persistence of symptoms, a spinal fusion was advised by the orthopedist, who had 
performed the original operation. Prior to this procedure, a lipiodol fluoroscopy was done to 
rule out a recurrent dise lesion. The oil was reportedly introduced at the 3rd interspace but 
undoubtedly it was introduced directly into the extradural cyst depicted in Fig. 1, inasmuch 
as the oil appeared trapped in this cyst on later fluoroscopy. The spinal fluid removed at this 
time contained 33 mgm. per cent protein. 

Operation. On Aug. 30, 1946, the previous laminectomy incision was reopened and an 
extradural cyst lying posterior to the dura and occupying the defect of the 5th spinous 
process and arches was encountered, The outer wall of the cyst was continuous with the 
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Fic. 2. Low power view of cyst wall in Case 2. 


muscle scar and was approximately 6 mm. thick. The inner wall was smooth and glistening, 
communicating with the subdural space by means of a 3 mm. defect in the dura. The cyst 





Fig. 3. Case 3. Protrusion of outer cyst adjacent 
to operative wound in the erect position. 


was removed and the dural defect closed by 
utilizing a portion of the cyst wall in a dupli- 
cate closure. 

Microscopic Diagnosis. Arachnoidal cyst. 
The wall of the cyst is made up of first a 
layer of flat mesothelial cells and a middle 
layer of collagenous fibrous tissue which is 
relatively acellular. Around the cyst wall 
there are considerable striated muscle, loose 
fibrous tissue and some vascular tissue (Fig. 
2). 

Postoperative Course. One year following 
the plastic repair of the extradural cyst, the 
patient was free of complaints referable to 
his low back pains. 


Case 3. A 27-year-old ex-serviceman was 
admitted to Lawson Veterans Hospital on 
Jan. 25, 1947, complaining of pain in his 
back, acute pain in his right leg, headaches, 
and of a mass beneath the skin at the site 
of a former lumbar laminectomy. His his- 
tory revealed that, following a back strain 
in 1945, symptoms compatible with a her- 
niation of the intervertebral disc in the lum- 
bar region had developed. Early in 1946 a 
lumbar laminectomy was performed and 
a herniated cartilage was removed, accord- 
ing to the patient’s story, with improvement 
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of symptoms. Two months following this operation his back pain recurred and persisted until 
the time of admission to the Lawson Hospital. The symptoms on admission had developed 
acutely 2 weeks before, following a paroxysm of coughing. 

Examination. The patient was obviously in great distress complaining bitterly of pain in 
his back and right leg which he stated was constant and influenced adversely by the upright 
position. There was present a well healed right paramedian curved 12 cm. surgical incision in 
the lower lumbar region. In the erect position a soft, fluctuant, obviously cystic mass ap- 
peared in the midline of the lumbar region adjacent to the surgical sear. This mass (Fig. 3) 





Fic. 4. Artist’s drawing of double extradural cyst in Case 3. 


measured 10 X3 em. and extended from the level of the 3rd lumbar spinous process to the Ist 
sacral process. Compression of this mass repeatedly reproduced the patient’s headache and 
leg pain. There was present also, pain in the back and right leg upon jugular compression. His 
pain could be reproduced on straight leg raising on the right. X-rays of the lumbar spine 
revealed only evidences of a complete laminectomy involving the 4th and 5th spinous 
processes and laminae. There was no pathological narrowing of the intervertebral spaces. 
Spinal fluid dynamics were found to be normal and the spinal fluid protein was reported as 
48 mgm. per cent. 

Operation. On Jan. 29, 1947, under general anesthesia induced with ether, the previous 
operative scar was excised and thereafter a thin-walled, elongated 126 em. cyst was en- 
countered lying between the lumbar fascia and subcutaneous tissue, being covered only by 
skin. After mobilizing this cyst, the wall was opened and clear fluid obtained. The interior 
of the cyst was lined with a glistening, mother-of-pearl membrane and at the lower pole a 
small 1 mm. sinus was encountered through which was seen to escape additional clear fluid 
when efforts were made to increase the intracranial pressure. This sinus tract traversed the 
muscle scar and as it was followed deeper into the wound, a second cyst was encountered 
overlying and compressing the dura (Fig. 4). As this second cyst was opened a communication 
between the cyst and the subdural space was encountered. This 4 mm. rounded foramen ap- 
parently represented an old laceration of the dura. The deeper cyst was mobilized and then 
by utilizing the wall of the cyst a double closure of the dural defect was effected. 
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Postoperative Course. The patient was relieved of the local and nerve roet symptoms, but 
continued to complain of headaches of diminishing frequency and severity for 2 months. 


Case 4. A previously healthy 20 month-old female infant was admitted to the hospital on 
May 1, 1947, 3 hours following an automobile accident. This infant exhibited no objective 
neurologic symptoms on admission. According to the hospital chart she was admitted for ob- 
servation inasmuch as other members of her family involved in the same accident were 
critically injured. Some 10 hours after admission the child had not voided. At this time the 
resident surgeon observed a bilateral drop-foot and a weakness of the flexors and adductors of 
both thighs. Further examination revealed an apparent complete anesthesia bilaterally below 
the 4th lumbar dermatome and complete absence of the Achilles reflexes. 

Past History. In reviewing this child’s past history, the mother insisted that the child had 
begun to walk at the age of 1 year and that she had noted no abnormality in her gait. Further- 
more, the child had never previously shown urinary retention. 

Examination. X-ray studies of the lumbar and sacral spine revealed no evidence of hone 
pathology. A spinal fluid study done the day following admission revealed an incomplete 
block in the spinal canal; the spinal fluid contained 3500 RBC, 12 WBC and a protein of 140 
mgm. per cent. A second examination of the spinal fluid, 5 days later, revealed essentially 
similar findings. The red cell count had dropped to 20 per ¢. em. Lipiodol introduced at the 
time of this second fluid study was arrested opposite the 2nd lumbar vertebral level. Because 
of persistence of neurological changes and the disclosure of a spinal subarachnoid block, a 
lumbar laminectomy was carried out on May 8, 1947. 

Operation. Under ether anesthesia, a lumbar laminectomy was done, first removing the 
spines and arches of lumbar 1 through 3. As the ligamentum flavum was removed, a thin- 
walled cyst was exposed protruding through a defect in the dura. At first glance, and because 
of the escape of clear fluid, fear was expressed that the dura had inadvertently been torn, but 
with the aspiration of the fluid and further dissection, a true arachnoid cyst was encountered. 
The defect in the dura was situated in the midline posteriorly beginning at the level of the 
upper border of the 2nd lumbar vertebra. It was not until the remaining lumbar spines and 
arches were removed that the caudal extent of the dural defect was ascertained. This limita- 
tion was found to be at the level of the upper border of the Ist sacral segment. The edge of 
the dura immediately adjacent to the defect was reduplicated and rolled suggesting that the 
dural defect was of long standing. Through this defect projected the arachnoid cyst, which 
occupied the length of the defect and projected laterally to the limits of the vertebral canal. 
The wall of this cyst was formed by normal appearing arachnoid and several nerve roots were 
seen to have evaginated into the cyst at an acute angle. When the small arachnoidal tear was 
extended and the nerve roots visualized, no abnormalities were noted. The nerve roots ap- 
peared structurally normal. There was no adherence of the roots and a catheter could be in- 
troduced above the level of the dural defect without meeting obstruction. The lipiodol was 
totally removed by irrigation and the dural defect was repaired as one would a primary dural 
closure. 

Postoperative Course. On the 4th postoperative day the child began to void spontaneously 
and 2 months after operation there was evidence of return of sensation over the sacral 
dermatomes, and during this short interval a marked return of motor function had occurred. 
The only motor deficit remaining appeared to be weakness of dorsiflexion of the left ankle. 


Case 5. This 43-year-old white female was first seen in July, 1944, complaining of inter- 
mittent attacks of low back pain, pain in the right leg and paresthesias in the right foot. For 
several years she had experienced seasonal hay fever and she insisted that her symptoms first 
appeared during an attack of hay fever and that they regularly recurred with each episode of 
hay fever. In the interval between the latter, she was free of symptoms referable to her back 
and right leg. The neurological findings at the time of her initial examination were few, con- 
sisting of an absence of knee and ankle reflexes but without pathological reflexes or objective 
sensory changes. There was mild reproduction of her right leg pain on straight leg lifting but 
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none on jugular compression. The back examination gave essentially normal findings. X-rays 
of the lumbosacral spine revealed a suspicious thinning of the Ist and 2nd lumbar laminal 
arches, but contrast studies with lipiodol revealed no defect in the lumbar or dorsal canal. 
The spinal fluid dynamics were normal but the protein was reported as 54 mgm. per cent. 
Inasmuch as the patient showed no alarming neurological findings and since the contrast 
studies were not conclusive and her pain had abated on bed rest, it was decided that further 
observation was in order. She returned for re-examination in June, 1945, stating that she had 
gone through the winter without distress but that 1 month previously she had begun to have 
back pain again, on this occasion at a higher level. This was concurrent with the onset of her 
seasonal hay fever. Neurological examination again revealed only the absence of knee and 
ankle reflexes and normal sensory studies. Her back pain was now localized to the level of the 





Fia. 5. Case 5. Left, Anteroposterior film depicting the erosion of the pedicles, laminae and posterior 
facets at L-1 and 2. Lipiodol, previously injected, is still apparent. Right, Lateral view demonstrating the 
increase in size of the vertebral foramen between T-12 and L-1 and the erosion of the posterior aspect of 
the body of T-12 and L-1. 


Ist and 2nd lumbar segments. X-rays of the spine were not obtained on this examination. 
She was next seen in April, 1946, complaining bitterly of recurrent back pain and right 
sciatica. Again, neurological changes were minimal but repeat lumbar spine films revealed 
marked changes. 

X-Ray Report. There is present (Fig. 5) marked erosion of the pedicles, laminae, and 
articular facets, particularly on the left side at the level of L-1. There is erosion of the medial 
margin of the left pedicle of T-12 and slight erosion of the right and left pedicle of L-2. A 
graph of the interpedicular spacing at the level of lumbar and lower thoracic regions showed 
definite widening of these spaces opposite the levels of T-12 and L-1 and 2. There was marked 
increase in the size of the vertebral foramen between 'T-12 and L-1, particularly on the left 
side and the posterior margin of the bodies of T-12 and L-1 and 2 showed definite evidence 
of erosion. 


Operation. On April 6, 1946 a midline incision was made extending from the 11th dorsal 
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to the 3rd lumbar spines. The muscles were subperiosteally dissected off the arches of T-12 
and L-1, 2 and 3. The spines and the laminal arches were removed completely, L-1 and 2 
being almost tissue-paper thinned. It was only when the upper part of the 3rd lumbar arch 
was removed that normal epidural fat was encountered, and it was then possible to visualize 
the entire lesion. This was a whitish cystic extradural mass that contained clear fluid. It was 
about one-half the thickness of the normal dura, was firm to touch and except for some cob- 
web attachments, stripped off the dura very freely and easily. The cyst extended well into 
the angle of the nerve root exits both on the right and left. A small opening was made into 
this cyst and clear fluid obtained. The opening was enlarged and a catheter inserted upward 
and found to encounter a resistance beneath the lower rim of the 11th dorsal arch, making it 
necessary to remove this arch to visualize the entire extent of the cyst. As the cyst was re- 
moved in toto an opening in the dura opposite the 2nd lumbar nerve root on the right was 
found. Through this 2 mm. defect was seen to escape cerebrospinal fluid. The cyst was re- 
moved, the dural defect closed and the wound closed in layers after filling the dead space 
with absorbable gel-foam. The patient made an uneventful recovery. 

Microscopic Diagnosis. Arachnoid cyst with lipoidal granuloma. ““The sections showed a 
cyst-like fibrous wall which in some places showed lining cells and structures typical of 
arachnoid. Throughout the tissue are deposits of non-staining, globular material in small 
cyst-like spaces and small tissue slits. Some of this material is surrounded by foreign body 
giant cells. There are numerous foci of fibrosis with infiltration by large mononuclear phago- 
cytes and giant cells. The unstained material has the appearance of lipoid.” The tissue reac- 
tion was considered to be the result of the lipoid and not a reaction to the cyst, since no such 
reaction was observed in the microscopic studies of any of our other cases, 

DISCUSSION 

Obviously, the cysts in Cases 1, 2 and 3 could not have existed at the 
time of primary surgery, else they would have been discovered. It is also 
clear that the causal factor for these cysts was a dural laceration and that 
failure to close this laceration resulted in a persistent fistula. In each in- 
stance there was persistence, or a recurrence, of symptoms following dise 
surgery. The clinical picture is not unlike that occasionally seen in in- 
dividuals with a diagnosis of recurrent intervertebral dise lesions or in those 
patients whose painful symptoms persist following the removal of a frank 
herniated or ruptured intervertebral disc. The clinical implication here is 
apparent. With the tremendous wave of enthusiasm for surgery which 
initially followed the introduction of the intervertebral dise entity and the 
tendency for some surgeons, unacquainted with the technique of spinal 
cord surgery, to attempt dise surgery, it is not unlikely that in some in- 
stances of poor results, a traumatic extradural cyst might be responsible. 

Furthermore, it is not uncommon to encounter at operation a small 
persistent fistula at the site of needle puncture done for the purposes of 
myelographic study. Although the adjacent muscle and soft tissues will 
absorb a considerable amount of cerebrospinal fluid, eventually, if this 
fluid continues to escape, it may become encysted by a non-absorbing 
arachnoidal wall. Ordinarily, one does not concern oneself with the dangers 
of the failure of closure of a single needle puncture of the dura. However, if 
multiple needle punctures are made because of difficulty in securing spinal 
fluid and a large needle used, it is not inconceivable that a permanent 
fistula may develop. This may account, in rare instances, for persistence of 
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pain in the back following lumbar puncture. Admittedly, this complication 
must be a rare one but it must be considered. Of greater clinical importance 
is the extradural cyst occurring following laminectomy for tumor. In the 
event the cyst attains such a size as to give rise to spinal cord or nerve root 
compression, as occurred in Case 2 of Hyndman and Gerber, considerable 
difficulty would be experienced in ascertaining whether or not recurrence of 
the tumor had occurred. 

In Case 4 of this series considerable doubt may be expressed as to the 
traumatic nature of the cyst. It is difficult to conceive of such an extensive 
dural laceration without an accompanying penetrating lesion or bony 
damage. The course of events was such, however, as to lead one to conclude 
that the child had no neurological handicaps prior to the injury. Elsberg,! 
in discussing the etiology of congenital extradural and intradural cysts, 
states that “the cysts are probably due to congenital abnormalities in the 
development of the spinal membranes.” He further states that “‘the attach- 
ment of the cyst is always near the dural opening for a nerve root.” In Case 
4 the dural defect was in the midline posteriorly, yet one would not expect 
the reduplication of the free dural edge which was present to have occurred 
in only 2 weeks. Perhaps the dural defect was actually a congenital defect 
and the trauma merely precipitated the prolapse of the arachnoid cyst. 

Case 5 undoubtedly represented a congenital arachnoid cyst, the symp- 
toms secondary thereto being precipitated and aggravated by the increase 
in intracranial pressure attending the sneezing in association with the at- 
tacks of hay fever. Assuming that it is a congenital cyst, it represents the 
oldest reported case and unlike those previously reported was not associated 
with the structural deformities of the spine previously mentioned, namely, 
kyphosis and scoliosis. It did, however, destroy the laminal arches in a 
characteristic manner that might allow an accurate radiologic pre-opera- 
tive diagnosis. 


SUMMARY 


That acquired or traumatic extradural arachnoid cysts may occur and 
be productive of clinical manifestations is demonstrated by this report. 
Although this complication must occur rarely, it should be seriously con- 
sidered in those cases in which a laminectomy has previously been per- 
formed and in which there is a failure of symptoms to totally disappear. A 
recurrence of symptoms after an interval of relief should also suggest an 
extradural arachnoid cyst. This is particularly true in those individuals in 
whom a dural tear occurs or in whom difficulty is experienced in producing a 
water-tight dural closure. Sometimes because of tension, closure, partic- 
ularly in instances in which a portion of the dura has, of necessity, been 
sacrificed, may necessitate the utilization of a foreign substance in sealing 
the dural opening. These cases here reported lend credence to the advice 
given the inexperienced that all dural lacerations must, if possible, be closed 
by the so-called water-tight method. These sequelae to laminectomies make 
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one consider somewhat more sympathetically the early group of dise 
patients operated upon by means of a transdural approach, who continue to 
complain of painful handicaps. In the light of our experience with the 3 
postoperative disc cases in which the symptoms were for the most part 
identical with those complained of by individuals considered either to be 
psychoneurotic or having compensation neurosis, and in whom none of the 
vardinal signs of recurrence of disc lesions were present, perhaps our diag- 
nostic acumen is not on a par with our vehement appraisal of these in- 
dividuals whose results do not meet our expectations. In the congenital 
cyst, Case 5, another explanation of the lumbago-sciatic handicapped can be 
added to the numerical etiologies of this syndrome. 
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CASE REPORTS AND TECHNICAL NOTES 


MIDLINE CALCIFIED INTRACRANIAL ANEURYSM BETWEEN 
OCCIPITAL LOBES 


REPORT OF A CASE 


DANIEL OscuEeRwitz, M.D., AND LEo M. Daviporr, M.D. 


Department of Neurosurgery, Montefiore Hostal and Columbia University College of 
Physicians and Surgeons, New York, New York 


(Received for publication May 20, 1947) 


Intracranial aneurysms nearly always arise from arteries at the base of the brain in the 
vicinity of the circle of Willis. In rare instances they may be located out along the larger 
branches of the circle and lie imbedded in the brain substance. The occurrence of a calcified 
aneurysm situated in the midline between the occipital lobes is unusual enough to warrant 
description. 

In a careful perusal of the literature only 4 cases were found of vascular anomalies in this 
region. Russell and Nevin* first reported 2 cases, both in 17-month-old infants, who had 
arterio-venous aneurysms involving the great vein of Galen associated with marked hydro- 
cephalus. In their first case, a hugely dilated vein of Galen communicated with a branch of 
the left posterior cerebral artery and the toreular Herophili, and formed an aneurysmal swell- 
ing which lay over the corpora quadrigemina in the transverse fissure. The second patient had 
a similar aneurysm formed by the great vein of Galen and the superior callosal artery. This 
mass was attached to the ventral point of junction of the falx with the tentorium overlying 
the pineal and compressing the quadrigeminal plate. Neither of these aneurysms was calcified. 
Alpers and Forster! presented a case of an 18-year-old male with a 12-year history of head- 
aches, and dizziness of 1 month’s duration. On examination the patient was of subnormal in- 
telligence and had mild equilibratory coordination disturbance. Electroencephalograms were 
normal but skull roentgenograms showed evidence of long-standing increased intracranial 
pressure and a crescentic rim of calcification in the right parieto-occipital region. The patient 
died 2 days after an exploratory craniotomy. Necropsy revealed marked dilatation of the 
lateral and third ventricles with normal-sized aqueduct of Sylvius and fourth ventricle. A 
firm, dense but thin-walled aneurysm, 4 em, X2.5 em., lay between the occipital lobes occupy- 
ing the pineal recess and resting on the tectum mesencephali. It arose at the junction of the 
great cerebral vein and the straight sinus and had a rich arterial supply from the posterior 
choroidal and posterior cerebral arteries. Jaeger and Forbes? reported a fourth case in a 
45-year-old boy, who at necropsy was found to have a similar aneurysm of the vein of Galen 
communicating with branches of the posterior cerebral arteries. This patient also had dilata- 
tion of the third and lateral ventricles with a normal iter and fourth ventricle. 

These 4 cases thus represent an anomalous anastomosis of the vein of Galen with branches 
of the circle of Willis The following case probably represents another example of this vascular 
anomaly. 


CASE REPORT 

Y. B., M. HW. #40382, female, aged 27 years. Headaches 9 months. Calcified mass on roent- 
genograms of skull. Aneurysm disclosed at operation. Improvement. 

History. The patient was admitted to Montefiore Hospital on April 20, 1946, complaining 
of headaches of 9 months’ duration. She had been in good health prior to the onset of the 
headaches. These were located deep under the vertex of the skull, were sharp in character and 
were constantly present for periods up to 2 to 3 weeks at a time. She would have intervening 
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periods of about the same duration during which she would be free from pain. She related the 
onset of many of the attacks to the onset of her menstrual periods. The headaches were un- 
accompanied by nausea or vomiting, syncope, or convulsions, and were not affected by change 
in position. During the past 3 to 4 months, she complained of intermittent blurring of vision 
but could otherwise read newsprint without glasses and had no diplopia. She had become 
increasingly nervous and apprehensive shortly before being admitted to the hospital. Her 
past history was essentially negative. 

Physical Examination. The positive findings included a soft blowing systolic mitral mur- 
mur, and slight scoliosis to the right in the mid-thoracic region. Neurological examination was 
entirely negative. 

Laboratory Studies. Blood count, urinalysis, blood chemistry and serology were all within 





Fic. 1. Roentgenograms of skull. A, Posteroanterior (postoperative), showing calcified mass. B, 
Lateral, after injection of gas into ventricles, showing calcified mass and normal ventricular system. 


normal limits. Roentgenograms of the skull (Fig. 1-A) revealed a large, round and somewhat 
irregularly cyst-like mass with calcified borders measuring 33 cm. in diameter lying in the 
midline just posterior and superior to the pineal gland. Electroencephalograms were essen- 
tially normal except for increased amplitude in the posterior part of the head. 

Course. On April 26, 1946, bilateral frontal trephinations were made and 15 cc. of helium 
were injected into each frontal horn. Ventriculograms revealed a normal ventricular system 
except for a slight indentation on the inner aspects of both posterior horns (Fig. 1-B). On the 
same day, a right occipital cranioplasty was carried out. The dura was found to be under 
essentially normal pressure. After opening the dura, the right occipital pole was retracted 
away from the falx, exposing this membrane at its junction with the tentorium. Further re- 
traction of the occipital lobe exposed the free edge of the falx and the incisura of the ten- 
torium. At this point the outer surface of the lesion was encountered. It presented a yellowish 
white calcific smooth capsule. Palpation with the tip of the forceps revealed a solid mass 
lying mostly to the left of the falx with the falx on the right side stretched over its surface. 
The falx close to its attachment to the tentorium was coagulated and cut, allowing a greater 
exposure of the surface of the lesion. The surface of the mass was then probed with blunt 
forceps in search of an uncalcified point where a needle could be inserted. Suddenly such a 


€ 


soft area was encountered and the forceps plunged through the capsule and there followed a 


great gush of arterial blood. Strips of gelfoam were quickly placed over the opening and held 
in place with the finger. Meanwhile, some muscle was obtained from the calf of the patient’s 
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leg and was then placed over the gelfoam. The bleeding was satisfactorily controlled and the 
wound was then closed. Postoperatively, the patient had a left homonymous hemianopsia 
which disappeared on the 5th postoperative day. Otherwise the course was uneventful. Her 
headaches markedly improved. When last seen on May 1, 1947, she was asymptomatic. 


COMMENT 


The site of this calcified aneurysm is in the same location as in the reported cases of 
arterio-venous aneurysms of the vein of Galen. Alpers and Forster’s case also had some 
calcification in the aneurysm wall. Our case, however, lacked the hydrocephalus noted in the 
others. The hydrocephalus in the reported cases was believed due to obstruction of the iter 
by the vascular mass, and not to obstruction of blood flow through the vein of Galen. Our 
case would tend to prove that the explanation of the hydrocephalus occurring in the other 
cases is correct since, although the vein of Galen was probably involved, the aqueduct was 
not obstructed and, therefore, no hydrocephalus existed. A lesion at this site not producing 
hydrocephalus would cause few symptoms, as was true in our case. Had we recognized the 
nature of the lesion on the roentgenograms, we would probably have withheld operation. Yet, 
as it turned out, the patient was relieved of her preoperative headaches, perhaps as a result 
of thrombosis of the lesion. This would leave the question of the indications for operation 
in the absence of hydrocephalus an open one. If hydrocephalus is present, however, some 
short-circuiting operation should be done. 


SUMMARY 


A case of calcified aneurysm lying between ‘ie occipital lobes and probably representing 
an arterio-venous aneurysm of the vein of Galen and branches of the circle of Willis is pre- 
sented. The patient’s only symptom was headache, which was relieved by operation. 

A review of the literature of similar reported cases is given. 
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RADIAL PALSY ELASTIC SPLINT 


WILLIAM BEECHER SCOVILLE, M.D.* 
Hartford, Connecticut 


(Received for publication June 18, 1947) 


Various ingenious wrist-drop splints have been devised and described in this last war.!24.4. 
All have disadvantages. Description is here made of an elastic splint | permitting full mobility 
of the fingers and hand in cases of radial nerve palsy. Photographs and a line drawing are 


* 56 Garden St., Hartford, Connecticut. 


+ Constructed by the “brace shop” of The Cushing General Hospital, Framingham, Massachusetts, 
in 1945. 
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presented to illustrate its construction. The wrist cuff can be worn either proximal or distal 
to the head of the ulna. 

Its advantages are as follows: (1) All joints can be used. (2) Elastic bands duplicate the 
physiological action of extensor tendons. (3) Finger cuffs attach to the proximal phalanges 
(the ulnar nerve innervates the extensor tendons of the terminal digits). (4) Finger tips are 
left uncovered for use. (5) A glove may be worn over the splint in cold weather. (6) A coat or 
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Fig. 1. Line drawing of elastic splint. 


jacket can be put on without removing the splint. (7) Tension is adjustable for each finger 
and the thumb. (8) Ulnar or radial deviation can be counteracted by twisting the wrist 
cuff. Its disadvantage lies in the necessity for painstaking construction, especially in the 
proper padding of the wrist cuff with sponge rubber, and in the fitting and tapering of the 
finger cuffs to prevent chafing of the interdigital webs. When properly constructed and in- 
telligently worn, it has proved invaluable to those patients and physicians desirous of early 
mobilization of wrists and fingers. 

A children’s adaptation is much simpler in construction and applicable to all young pa- 
tients regardless of their intelligence or cooperation. It is constructed from a child’s size, 
cotton mesh glove with hook-eyes sewn on the dorsal surface of the proximal finger and 
thumb joints and a corresponding number of hook-eyes sewn to the dorsal wrist of the glove. 
A wide “elastoplast” cuff is then applied to the patient’s wrist. The wrist of the glove is then 

















tal 


he 
res 
ire 
or 


ger 
rist 
the 
the 

in- 
irly 


pa- 
ize, 
and 
ve, 
hen 


RADIAL PALSY ELASTIC SPLINT 


Lg 


=r 


Fig. 2. Photograph of elastic splint. 
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Fic. 3. Photograph of child’s rubber-band radial splint. 
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pulled over this elastoplast and another layer of elastoplast is wrapped around it, fastening 
the edge of the glove securely between the two layers of elastoplast. Very light-weight dental 
rubber bands are used to connect the two rows of hook-eyes which should be sewn at a dis- 
tance apart sufficient to maintain correct tension. This glove can be removed once daily for 
washing and left on continuously in the interim. 
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A SELF-RETAINING HEMILAMINECTOMY RETRACTOR 


WILLIAM BEECHER SCOVILLE, M.D.* 
Hartford, Connecticut 


(Received for publication June 18, 1947) 
Several excellent retractors, self-retaining and otherwise, have been described in the past 
two years for use in the new button-hole laminotomy approach to the ruptured interverte- 
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* 56 Garden St , Hartford, Connecticut. 
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bral dise.':?.3.4.5.6 A variant* used by the author since 1940 is illustrated because of certain 
advantages: (1) The blade is derived from a Hibbs or Semmes retractor, permitting an ex- 
tremely short incision. (2) The opposite blade has been replaced by a blunt hook which fits 
between the spinous processes, thus remaining clear of the operative field of vision. (3) Both 
blade and hook are hinged on a swivel joint, permitting the self-retaining retractor arms to be 
elevated in order to fit the contour of the back, and to be swung to either side of the blade 
and hook. This permits a more lateral angling of the curette and pituitary rongeur in order 
to reach the central core of the nucleus pulposus. 

Although this retractor works equally well in all positions, a most satisfactory combina- 
tion has been its use (1) with an off-center incision overlying the facets, (2) through an ex- 
traperiosteal exposure of the laminae, and (3) with the patient lying on his side in kidney 
position. { The result has been a maximum of exposure through a minimum of incision. 
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COMBINATION SUCTION-CAUTERY TIP FOR USE 
IN NEUROLOGICAL SURGERY 


Pau C. Bucy, M.D., anp H. R. Oserniti, M.D. 
Department of Neurology and Neurological Surgery, University of Illinois College of 
Medicine, at Illinois Neuropsychiatric Institute, Chicago 


(Received for publication July 15, 1947) 


The value of electrocautery in neurological surgery as a hemostatic adjunct has been 
recognized by all neurosurgeons. Operating time is shortened, efficient hemostasis insured, 





Fia. 1 


* Manufactured by Codman & Shurtleff, Boston, Mass. 
t Suggested by D. H. Werden of San Diego, Calif. 
t Suggested by T. I. Hoen of New York City, N. Y. 











546 PAUL C. BUCY AND H. R. OBERHILL 


and foreign bodies, such as silver clips, sutures, and ligatures are eliminated by this relatively 
simple expedient. Likewise the use of suction apparatus has proved of value in facilitating 
removal of blood, irrigating solution, cerebrospinal fluid, pus, and any other fluid or soft 
degenerated tissue from the small operative fields of neurosurgery, where the usual measures 
employed in general surgery are not feasible. 

This communication describes a combination suction-cautery tip which we have used for 
the past four years. We have found it to be safe, efficient, easy to use, and less cumbersome 
and bulky than the methods heretofore described for use of electrocautery in a field covered 
with fluid. Pictures in the literature showing the technique of a neurosurgical procedure 
quite often show two or even three instruments being used for hemostasis and suction in the 
field. This combined tip obviates unnecessary manipulation and obstructions to the surgeon’s 
line of vision by utilizing a single channel no more than 3-4 mm. in diameter to accomplish 
hoth suction and cauterization. 

Several visiting neurosurgeons who have seen this tip in use have been favorably im- 
pressed by its compact effectiveness and subsequently have had similar instruments made for 
their own use. Poppen! described a combination suction-cautery tip of somewhat similar con- 
struction using a Frazier suction tube with a finger release valve as the basic piece. His in- 
strument was covered with rubber tissue which deteriorated and then cauterized at places 
other than the desired point. For that reason, he recommended the combination tip not be 
used except extracranially and outside the spinal canal. 

The tip we use was made by V. Mueller & Company by attaching an electric terminal to 
the widely used Frazier suction tube with a finger release valve and then coating the metal 
parts with an insulating rubber compound to prevent cauterization of tissues anywhere 
except at the 1-2 mm. of exposed metal at the very end of the tube. An extension was added 
to the proximal end where the suction hose is slipped on to prevent the hose from coming off 
as readily as it usually does. Because the original end of the cautery cord connecting the 
combined tip to the Bovie unit slipped out quite easily, a Luer-lock type end has been added 
to the most recent “combined tip.”” A contemplated change is to have “combined tips” made 
of larger diameters to be used, for example, in sucking out a soft tumor which would clog the 
present narrow tube. 

The “combined tip” can be boiled or autoclaved repeatedly 
rubber suction tubing and cautery lead to the Bovie unit. 

Although many uses for this simple apparatus soon became apparent, it is particularly 
valuable in rapidly cutting across the white matter in performing a lobotomy or lobectomy 
and in removing the interior of tumors, especially vascular ones. 


and safely along with the 
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A SIMPLE ENCEPHALOGRAPHY STAND FOR ATTACHMENT 
TO X-RAY TABLE 


Witu1AM Brerecuer Scovitie, M.D.* 
Hartford, Connecticut 


(Received for publication June 18, 1947) 


Many ingenious devices and chairs have been described for facilitating encephalog- 
raphy. {':?*.4.5.5.7 The majority are cumbersome, too far removed from the x-ray table or do 
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Fic. 1. Front view of encephalography stand. 


not permit the taking of pictures in the horizontal position. A simple stand has been con- 
structed { for attachment to a standard x-ray table. The table used at the Hartford Hospital 


* 56 Garden St., Hartford, Connecticut. 


t One device, which has not been published, is a chest support bracket attached to x-ray table used 
by the Lahey Clinic at the New England Deaconess Hospital, Boston, Massachusetts. 
} By the Hartford Hospital engineering department in 1945. 
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Fig. 2. Side view of encephalography stand. 


also contains a laminograph attachment permitting excellent views of the 3rd and 4th cerebral 
ventricles. 


As shown in the illustrations, this stand: (1) can be quickly attached to and removed 


from the x-ray table; (2) gives support of both head and trunk with an adequate airway; (3) 
facilitates pentothal administration; (4) permits easy change from the vertical to the hori- 
zontal position on the x-ray table and (5) permits the taking of an upright lateral test film 
during injection of oxygen. 
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REVIEW 


WOUNDS OF THE HEAD. The British Journal of Surgery, War Surgery Supple- 
ment No. 1, 1947, 1-268, 248 Figs. (48 in color). Price, 30s. 


This handsome special issue of The British Journal of Surgery is one of the most impres- 
sive publications to come from the war. Three similar special issues are in active preparation: 
No. 2, Abdomino-Thoracic Wounds; No. 3, Wounds of the Extremities; and No. 4, Plastic 
Surgery, Including Facio-Maxillary Injuries. In October, 1944, there appeared a special issue, 
“Penicillin in Warfare,” reviewed in this Journal, November, 1944, which is complementary 
to the current one on wounds of the head, and which contains a comprehensive account of 
penicillin and chemotherapy in war wounds of the head, by Brigadier Hugh Cairns. The 26 
detailed papers here compiled modestly purport to be no more than a factual record of neuro- 
surgery in the British army 1939-1945, but as they are presented in one fasciculus all who 
treat head injuries will find it a rich source of information; the extensive bibliography and 
footnote references make it a useful guide to the British neurosurgical literature of 1939-1946. 

The compendium begins with Geoffrey Jefferson’s comparison of the management of head 
wounds and infection in the two world wars, and apropos of this we have found it illuminating 
to peruse again Harvey Cushing’s article in The British Journal of Surgery, 1918. There 
follows a comprehensive account of the organization and technical development of neuro- 
surgery in the British Army, by Sir Hugh Cairns. The factual record of his remarkable 
achievement is in the articles that follow his. The fasciculus, as Cairns mentions, is limited 
in scope to head wounds, and no attempt was made to give a correspondingly complete ac- 
count of closed head injuries, spinal injuries, peripheral nerve surgery, and other important 
activities of the army neurosurgeons. Especially because very competent studies were done 
on a great volume of closed head injuries and related neurological problems at the Military 
Hospital for Head Injuries, Oxford, we regret that a similar issue on that subject is not 
promised, and there is a need, too, for a similar account of peripheral nerve surgery by the 
neurosurgeons who were doing it. 

The adequacy of the techniques evolved is attested by the record of primary wound heal- 
ing in 80 per cent, major infection in 14 per cent, and a mortality of 5 per cent from infection 

a marked reduction as compared to the numerous fatalities from infection in head wounds 
in the 1914-1918 conflict. While much of this is attributed to advances in technique, to 
chemotherapy and antibiotics, perusal of the reports shows also the importance of segregating 
the head wound cases into proper surgical hands at the mobile neurosurgical units staffed, 
as they were, by able neurosurgeons. The results shown in the case reports and statistics 
reflect the care and thought given to selection, training and assignment of all personnel re- 
sponsible for the definitive care of this group of the wounded. 

Lt. Col. J. Schorstein contributes a unique and beautiful atlas of operative technique, 
containing 48 photographs in color supplemented by explanatory line drawings and radio- 
graphs, which illustrates the essential details of the technique used in debriding a severe 
penetrating head wound. Considering present circumstances abroad, it is reassuring to see 
perfectly printed color plates so generously used. Astonishingly, these photographs, which 
reveal much endeavor to make them instructive, were obtained under stress during the final 
battle for Cassino, at Mobile Neurosurgical Unit No. 5, Naples, at its busiest period. In an 
eloquent understatement the author says, “Mr. Hennell’s enthusiasm sustained him in the 
operating room for several 18 hour sessions, and we collected finally a representative number 
of photographs in a relatively short time.” Those who find fault with the atlas might well be 
invited to display their own ideas with such pictorial excellence. 

Particularly noteworthy are three articles on cranio-facial-orbital wounds and fractures 
involving the paranasal sinuses, which cover the diagnosis and definitive surgical treatment 
of these complicated injuries. We have not seen elsewhere such a specifically detailed account 
of these difficult operative problems so richly illustrated. Lt. Col. C. A. Calvert describes the 
methods used in 57 such cases, with recovery in 53; his favored technique, incidentally, is 
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illustrated in Schorstein’s atlas, supra. Most penetrating head wounds that involve the frontal 
and ethmoid sinuses he treats by an intracranial approach, making a generous bilateral fron- 
tal bone flap, and intradural grafting of the dural tear, rather than by a direct external ap- 
proach with exenteration of the frontal sinuses. Which surgical approach to employ for such 
wounds has been a vexing question, and his results are most impressive. O. W. Stewart and 
E. H. Botterell state four conditions which must be satisfied for the proper treatment of these 
wounds: (1) radical débridement of cranial and cerebral wounds, (2) débridement of damaged 
paranasal sinuses with the establishment of adequate drainage through the nose, (3) sealing 
the subdural and subarachnoid spaces, (4) closure of the scalp without tension and without 
drainage. Lt. Col. R. T. Johnson and Capt. P. Dutt, in an authoritative article illustrated by 
30 unusually clear radiographs of fractures of the cribriform plate and ethmoid, describe a 
new oblique projection for demonstrating such fractures and give a detailed account of the 
surgical anatomy of the cribriform plate region. Their comprehensive discussion of which 
plan of surgical treatment to employ is based on experience with 98 such cases, both missile 
wounds and blunt head injuries. This contribution will be weleomed by those who know the 
importance and difficulty of roentgen diagnosis of such fractures, and it is remarkable that 
such an exacting clinical study was largely accomplished under the difficult conditions of 
war in Burma. 

Lt. Col. P. B. Ascroft reports his personal necropsy survey of 557 fatal head wounds. In 
18 per cent death was due to the associate injuries, among which the asphyxia of facial 
injuries was important. The 359 cases in which the head wound itself was lethal are analyzed 
with regard to time elapsed between injury and death, and as to whether the pathology pres- 
ent was amenable to treatment. Neural damage was the predominant cause in 41 per cent, 
intracranial sepsis in 40 per cent, intracranial hematoma in 13 per cent, and other causes in 
6 per cent. His analysis emphasizes how much the possible reduction of mortality depends 
on accomplishment of definitive therapy within the first 48 hours after injury and that careful 
attention to the patient’s general status will save many of those with multiple wounds. 

In tabular form Ascroft and Pulvertaft report their study of the bacterial content in 125 
consecutive head wound cases at El Alamein. This is one of the few reliable studies of this 
kind. The long report of Cairns, Calvert, Daniel and Northeroft, on complications of head 
wounds with especial reference to infection, is based on a series of 354 penetrating head 
wounds treated—thanks to air evacuation—at Oxford where facilities for bacteriological and 
pathological investigation were superior, and the report therefore deserves careful reading. 
They discuss clostridial infection of the brain at length, and a comparably competent study 
of as large a series of cases has not appeared before. In none of their cases was gas formation 
found in the brain, or evidence of general toxemia, and reaction to the gas bacilli in the 
cerebrospinal fluid was mild. 

Apart from Johnson’s report on missile wounds, there is a relative lack of emphasis on the 
infections that are not controlled by penicillin and sulfonamides, and the importance of com- 
plete wound closure without drainage is but lightly touched upon. The relatively high in- 
cidence of fatal meningitis from penicillin-resistant staphylococcus and organisms of the 
colon bacillus group would appear to deserve more emphasis. Allowing for chemotherapy and 
antibiotics, the case reports and statistics presented show that application of fundamental 
surgical principles remains the main factor in prevention of mortality and morbidity from 
infection. 

The reports on rehabilitation after head injury, on the late sequelae of head wounds, and 
on long-term results, are relatively brief. It is perhaps premature to expect more. Considering 
the exigencies of the war in England and in the various theaters of battle, and the post-war 
period too, it is gratifying to find such remarkable surgical achievements so well reported by 
the men who did the work, now before memory of the events has receded too far into the 
past. 

Ratew Hawkins, M.D. 
W. D. Stevenson, M.D. 
CuristiAN Keepy, M.D. 
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